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IS.  Abstract 


This  volume  contains  the  text,  discussion  and  technical  evaluation  of  papers  presented  at  the  AGARD 
Aerospace  Medical  Panel  Specialists  Meeting  which  was  held  at  Toronto,  Canada,  6 May  1975. 

Tne  specific  problem  of  windblast  wta  considered  as  it  affects  human  tolerance  to  high-speed  ejection. 

Injury  mechanisms  were  discussed  in  several  papers  and  it  was  shown  that  most  injuries  axe  caused  by 
excessive  motion  of  the  limbs,  rather  than  by  the  direct  effect  of  wind  pressure.  Ejection  injury 
mechanisms  were  also  considered  in  relation  to  windblast  from  conventional  and  nuclear  explosions. 

Protection  was  considered  alon£  two  lines.  The  prevention  of  limb  motion  by  means  of  restraints  was 
shown  to  be  as  practical  for  the  arms  as  for  the  legs,  and  could  be  extended  to  provide  the  arm  retraction 
needed  in  safe  command  ejection.  It  was  also  shown  that  the  provision  of  a stable  ejt  ction  seat  would 
greatly  ameliorate  the  windblast  problem. 


The  problems  of  head  restraint  and  helmet  loss  were  also  considered.  Loss  was  attributed  to  the  aero- 
dynamic lifting  moment  which  had  been  measured  in  wind-tunnel  tests,  and  could  be  educed  by 
appropriate  aerodynamic  design. 
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SUHKAilY 


Th«  (pacific  problem  of  windblast  w*e  considered  a it  affect*  human  tolerance  to  !iigh“ 

• peed  ejection.  Statistical  data  from  5 nation*  proved  the  prevalence  of  windblsst  injury, 
particularly  in  the  coabet  tituation  vne re  ejection  upeeds  are  higher.  Thus,  an  overall 
5-10  percent  injury  rate  rose  to  40  percent  or  more. 

Injury  mechanisms  were  discussed  in  several  papers  and  it  was  showp  that  most  injuries 
are  causai'  by  excessive  motion  of  the  litrfrs,  rather  than  by  the  direct  effect  of  wind  pressure. 
Ejection  injury  mechanisms  were  also  considered  in  relation  to  vindblast  from  conventional  and 
nuclear  explosions. 

Protection  was  considered  along  two  lines.  The  prevention  of  limb  motion  by  means  of 
restraints  was  shewn  to  ha  aa  practical  for  the  aroa  as  for  the  legs,  and  could  be  extended 
to  provide  the  arm  retraction  needed  in  ssfi  command  ejection.  It  waa  also  shown  that  the 
provision  of  a treble  ejection  seat  would  greedy  ameliorate  the  windblatt  problem. 

The  problem  of  head  reatraint  and  helmet  lost  were  also  considered.  Loss  was  attributed 
to  the  aerodynamic  lifting  moment  which  had  been  measured  in  wind-tunnel  tests,  and  could  be 
reduced  by  appropriate  aerodynamic  design. 
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PREFACE 


tn  June  of  1971,  Che  Aerospace  Medical  Panel  held  its  specialists'  meeting  in  Oporto, 
Portugal,  on  the  subject  of  Linear  Acceleration  of  Impact  Type,  a topic  selected  by  the  Bio- 
dynamics Conmittee  of  ASMP  some  two  years  earlier.  Whilst  most  presentations  relevant  to 
ejection  from  aircraft  related  to  injuries  caused  by  catapult  and  rocket  accelerations,  two 
were  concerned  with  windblast.  The  first  reviewed  the  biodynamics  of  windblaat,  and  serves  as 
a useful  introduction  to  the  current  conference  proceedings,  and  the  second  concerned  the  blast 
testing  of  aircrew  escape  equipment  (see  ACARD  Conference  Proceedings  No.BC  on  Linear  Accelera- 
tion of  Impact  Type,  papers  14  and  A4).  Among  the  recommendations  which  followed  this  meeting 
was  the  suggestion  that  further  studies  should  be  made  of  the  mechanisms  of  injuries  which 
result  from  accelerations  acting  along  the  iCx  axes.  In  high-speed  ejection,  windblast  leads 
initially  to  high  levels  of  -Cx  acceleration. 

At  a meeting  held  in  Soesterberg  in  September  1073,  the  Biodynamics  Committee  of  ASMP  din- 
cussed  possible  topics  for  future  meetings  and  noted  that  windblast  still  produced  a relatively 
large  number  of  injuries  at  ejections  made  over  200  kt,  and  considered  that  seat  stability, 
harness  configuration  and  personal  equipment  all  contributed  to  this  overall  situation.  They, 
therefore,  proposed  a specialist  meeting  to  deal  specifically  with  the  biodynamic  response  to 
the  windblast  environment,  and  requested  that  their  Deputy  Chairman,  Wing  Conmander  David 
Claister,  RAP,  act  as  organiser  and  chairman. 

To  this  end  a number  of  potential  authors  were  contacted,  with  encouraging  results,  ard  a 
call  for  papers  was  circulated.  Eventually,  10  papers  were  selected  for  presentation  in  a one 
day  session  of  the  1975  Spring  Specialists  meeting  of  ASMP,  to  be  hosted  by  the  Defence  and 
Civil  Instituie  of  Environmental  Medicine  in  Toronto,  Canada.  These  papers  were  arranged  in 
three  groups  covering  statistics  and  mechanics  (papers  Bl,  B2,  B4  and  BIO),  pathology  (papers 
B5  and  B6),  and  protection  (papers  B9 , B7,  B8  and  811).  However,  for  convenience,  they  are 
presented  here  in  numerical  order  and  as  there  was  a considerable  amount  of  overlap  in  subject 
material,  the  division  was  indeed  more  theoretical  than  useful. 
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CONCLUDING  REMARKS 
by  D.H.Glaister 


TECHNICAL  EVALUATION  REPORT 


The  AGARD-NATO  Aerospace  Medical  Panel  Specialist  Meeting  on  'Biodynamic  Reaponae  to  Wirsd- 
blast'  waa  held  at  the  Defence  and  Civil  Inatitute  of  Environmental  Medicine,  Toronto,  Canada  on 
May  6th  197S.  The  meeting  laeted  all  day,  but  included  a ahort  tour  of  DCIEM  at  the  end  o.r  the 
morning  eeasion,  arranged  by  the  Host  Coordinator,  Colonel  A.C.  Yelland.  The  ten  papera  which 
were  presented  were  arranged,  on  the  baai9  of  their  aba  tracts,  into  three  groups  tu  cover 
Sratintice  and  Mechanica,  Pathology,  and  Protection.  In  thia  way  the  aubject  matter  introduced 
itaclf,  after  the  chairman  had  briefly  mentioned  the  diaparity  between  the  amount  of  reaearch 
that  had  been  carried  out  on  the  *Cz  acceleration  of  the  ejection  gun  and  rocket,  compared  with 
the  little  work  done  on  the  -Cx  of  windblaet  deceleration. 


Incidence 

Statistical  data  on  the  incidence  of  windblast  waa  presented  from  five  countries,  Canada, 
the  US,  Italy,  Prance  and  Sweden,  and  some  earlier  UK  data  was  also  discussed  (paper  B9). 
Pertinent  features  are  summarised  in  the  table  with  additional  RAF  data  from  Fryer  (FPRC  No. 
1166  of  1961)  and  from  Reader  (personal  conmunication) . 


Aircrew 

population 

Re  ference 

No.  of  Mean  speed 

Ejections  at  ejection 

Incidence  of 
major  flail 
injury 

Ratio,  upper 
to  lower  limb 
injury 

USA?**  Non-combat 
1968-1973 

Bl 

631 

240  kt 

3.4Z 

1.2:1 

iAF 

1954-1974 

B2 

100 

* 

NS 

21Z+ 

0.5:1 

CAF 

1966-1974 

B4 

90 

30Z  > 400  kt 

1.1Z 

FAF 

1960-1970 

36 

256 

9Z  > 400  kt 

12. 5Z 

0.8:1 

USAF 

PONs 

B9 

162 

388  kt 

* 24. 6Z 

NS 

USN 

POWs 

B9 

94 

438  kt 

f 33. 8T 

NS 

SAF 

1967-1974 

BU 

74 

m > 540  kt 

* 5.4Z 

NS 

RAF 

1949-1960 

Fryer 

294 

224  kt 

2.3Z 

0.4:1 

RAF 

1960-1973 

Rcade  r 

355 

198  kt 

5.9Z 

0.6:1 

* 

Indicates 

that  the 

relevant  data  was 

not  stated. 

♦ Hign  incidence  due  to  selection  of  cases  for  study. 


Several  points  of  interest  may  be  noted  in  the  table.  In  peace  time  operations,  ejection 
speed.-;  tend  to  be  lew,  around  200  to  250  kt  and  the  incidence  of  major  flail  injury  ia  alao 
low,  around  52.  The  LAP  c ises  were  a selected  series  and  the  average  speed  of  ejection  for  the 
21  windblast  injuries  was  564  kt.  In  combat,  on  the  other  hand,  ejection  speeds  are  consider- 
ably higher  and  one  third  or  more  of  ejectees  may  suffer  major  windblast  injury.  An  ejection 
speed  of.  700  kt  leads  to  the  virtual  certainty  of  a major  flail  injury  (paper  B9).  Generally 
speaking,  the  lower  limbs  suffer  more  than  upper  limbs,  though  with  more  effective  leg  restraint 
In  the  later  series,  injuries  are  becoming  more  evenly  distributed.  These  data,  based  upon 
2,056  ejections,  provide  a sound  basis  for  the  statement  thac  windblast  injuries  sre  a major 
component  of  overall  ejection  morbidity,  and  that  this  component  increases  greatly  with  air- 
craft speed  at  ejection.  The  lack  of  windblast  injuries  in  the  Canadian  series  was  attributed 
to  low  ejection  speeds,  though  their  27  e jec tions  made  at  over  400  kt  would  have  been  expected 
to  have  provided  several  cases  by  comparison  with  the  other  data.  Equations  relating  injury 
rales  with  ejection  soeed  nre  given  in  papers  ill  and  B9 . 
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Th.>  co anon  injury  oecnanism  was  considered  to  be  windblaet  force*  taking  tha  lints  bayond 
thair  ranga  of  normal  movement  (joint  injuries,  dialocationa),  or  cauaing  liaba  to  atrika 
againat  par  -a  of  tha  ajaction  aaat  (fractures,  fractura  dialocationa).  Da  tails  of  observed 
injuriaa  were  given  in  paper  B6 . Tha  direct  action  of  'windblaet  (penchial,  or  aubconjiotctival 
haemorrhage)  waa  considered  laaa  important,  and  in  an  appendix  to  paper  69  it  ia  shown  that  in 
high  divara,  peak  dynamic  pressures  of  2,000  to  4,000  lb/ft*  (15  - 30  pai,  100  - 200  kha'2)  a*y 
voluntarily  be  experienced  without  injury.  This  level  ia  aone  two  tinea  the  preaently  accepted 
tolerance  limit. 

The  forcea  which  tend  to  diaplace  liaba  expoaad  to  windblaet  were  deacribed  in  paper  BIO, 
and  the  findinga  confine  the  earlier  underwator  studies  of  Fryer  (FPRC  Report  No.  1167  of 
1967).  A files  showing  aoae  of  theee  pioneering  experiaenta  waa  shown  t>i  the  delegates  at  the 
start  of  the  afternoon  session.  Also  aeasured  and  reported  in  paper  BIO  were  helmet  lift 
forces  - aoae  460  lb  (210  kg)  at  600  kt.  Whilst  these  forcea  could  be  reduced  by  turbulence 
within  the  cockpit,  it  was  considered  that  they  would  represent  the  real-life  situation  upon 
leaving  the  aircraft,  and  thus  account  for  the  frequent  loss  of  protective  helaets.  A simple 
aerodynamic  solution  waa  offarad. 

Also  included  in  the  proceedings,  but  not  preaanted  in  Toronto,  is  a paper  (B5)  which  pro- 
vide* a useful  comparison  between  windblaet  injury  mechaniaias  relevant  to  high-speed  ejection, 
and  those  which  result  from  conventional  and  nuclear  explosions.  In  the  latter  case,  the  lung 
is  the  critical  organ.  Lu.g  damage  i*  relatively  rare  in  ejectees.  Thus,  there  is  no  instance 
in  the  21  cases  of  windblaet  injury  discussed  in  paper  B2,  though  two  case*,  one  of  them  fatal, 
are  referred  to  in  paper  B6. 


Protection 

Several  possible  techniques  for  restraining  the  limb*  were  discussed,  attention  being 
directed  more  towards  the  arms,  ainc*  leg  restraint  hat  been  used  successfully  for  many  yeara. 
Paper  B8  described  tests  carried  out  on  an  arm  retraction  and  restraint  system  using  cords  and 
powered  by  seat  movement.  A similar  syatam,  but  extended  to  embrace  legs  and  head,  waa  also 
described  (paper  Bll),  but  hsd  not  been  introduced  into  service.  Effective  restraint  is  more 
readily  obtained  if  the  arms  are  initially  on  a between-the-legs  D-ring  (paper  B8).  If  the 
seat  is  stable,  single  entrapment  of  the  limbs  with  nets  would  prevent  injury  (paper  B9).  When 
ejection  is  initiated  by  the  other  crew  member  (conmand  ejection),  arm  retraction  may  be 
required  in  addition  to  restraint.  This  problem  was  raised  by  several  epeakers  and  the  prof- 
fered aolutions  included  tha  cord  system a alraady  mentioned,  aa  well  as  airbags  inflated  on  the 
cockpit  walls  (paper  Bll). 

The  importance  of  seat  stabilisation  was  also  stressed  by  several  speakers  - for  example 
paper  BIO  show*  how  wind  tunnel  measurements  of  drag  forces  can  lead  to  an  understanding  of 
seat  instability  (ejection  seats  are  inherently  unstable)  and  paper  B9  refers  briefly  to  methods 
for  the  aerodynamic  stabilisation  of  seats  in  the  critical  period  prior  to  deployment  of  a 
drogue  parachute.  An  example  of  a seat  stabilised  in  pitch  was  seen  in  action  on  film  during 
the  presentation  of  paper  Bll, 

The  problem  of  head  restraint  was  discussed,  but  most  ejection  seats  rely,  at  the  best, 
upon  energy  absorbing  padding  on  the  headrest  (paper  Bll).  However,  a self  erecting  fabric 

hood,  the  efficacy  of  which  was  asen  in  films  taken  during  750  kt  windblast  exposures  (paper  B7), 

could  be  uaed  to  give  head  restraint  as  well  as  i.o  prevent  inadvertent  loss  of  headgear. 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  average  low  speed  of  current  aircraft  ejections  is  a feature  of  non-combat  operations  - 
ejection  speeds  increase  markedly  in  the  conbat  situation,  and  high  speed  usage  must  be  alloved 
for  in  the  development  of  ejection  systems. 

The  potential  for  windblast  injury  increases  as  the  square  of  windspeed.  Thus,  vindbla9t 
becomes  a major  source  of  morbidity  and  mortality  in  high-speed  ejection. 

Man's  ultimate  tolerance  to  windblast  could  be  considerably  higher  tha.i  presently  accepted, 
and  does  not  theoretically  lim’t  current  ejection  performance.  Precise  figures  are  required  for 
human  tolerance  to  windblast,  but  it  is  considered  that  these  will  only  come,  ar  at  present, 
from  accurate  reporting  of  high-speed  ejection  experience. 

Current  ejection  teats  are  inherently  unstable  and  impose  omnidirectional  windblast  forces 
necessitating  the  most  complex  restrsint  systems.  The  development  of  stable  ejection  seats  is 
considered  essential  for  safe  high-speed  ejection.  The  aerodynamic  performance  of  current  seats 
should  be  evaluated  with  a view  to  achieving  stability  over  a wide  speed  range. 

Restraint  systems  currently  in  service,  or  in  development,  should  reduce  the  ncidence  of 
leg  and  arm  injuries,  but  only  at  the  cost  of  greater  complexity  of  aircrew  equipn*  nt  assemblies. 
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Whilst  improved  seat  stabi  ily  should  simplify  the  solution  of  limb  injury,  head 
restraint  and  helmet  loss  are  areas  which  will  increase  in  relative  importance,  and  these 
require  further  study. 

The  present  high  level  of  sophistication  in  ejection  seat  design  should  not  be  allowed 
to  inhibit  the  search  for  other  means  for  abandoning  aircraft  at  high  speed. 

' P.  H.  CLAISTEK 
Wing  Coi.raander 

RAF  Institute  of  Aviation  Medicine 
Farnborough,  Hampshire,  U.K. 


Deputy  Chairman,  Biodynamics 
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SUMMARY 

The  USAF  non-combat  ejection  experience  during  the  period 
1968-1973  has  been  reviewed  attempting  to  characterize  the 
Incidence,  distribution,  significance  and  mechanism  of 
flail  Injuries.  From  a total  of  784  ejections,  631  have 
been  selected  based  on  several  criteria  outlined  in  the 
paper.  The  overall  incidence  of  flail  Injury  Is  7%  (44 
cases)  In  which  4%  (25  cases)  involved  Injuries  of  a 
major  type.  The  Incidence  rose  dramatically  above  300 
KIAS  suggesting  that  flail  injury  Is  a significant  prob- 
lem at  higher  airspeeds.  The  distribution  of  Injuries 
Is  characterized  b.v  (l)  an  absence  of  major  head  and 
neck  flail  Injury,  (2)  a predominance  of  proximal  over 
distal  injury  and  (3)  in  marked  contrast  to  earlier  data, 
a slight  predominance  of  upper  over  lower  extremity  fla-1 
Injury.  The  Importance  of  analyzing  the  forces  actlr.y 
upon  the  limbs  as  well  as  having  a clear  understandlno 
of  the  mechanisms  of  failure  Is  discussed  and  the  need 
for  improved  limb  restraints  Is  emphasized. 

INTRODUCTION 

Since  the  earliest  days  of  the  ejection  seat  following  World  War  II  it  has  been  apparent  that  high 
velocity  ejections  are  associated  with  a characteristic  injury  pattern  quite  different  from  that  found  in 
low  velocity  ejections  (Ref  16).  These  injuries  are  related  to  the  aerodynamic  forces  experienced 
Immediately  upon  entering  the  airstream.  Stapp  (Ref  14,15,17),  Fryer  (Ref  6)  and  Brinkley  (Ref  1)  have 
conducted  research  attempting  to  characterize  the  magnitude  and  effects  of  these  forces.  The  magnitude 
of  this  force  Is  expressed  as: 


where: 


Q - 1/2  o V2  Eq  (1) 

2 

Q » dynamic  air  pressure  in  Newtons/M 
p = air  density  in  Kg/M3 
V = velocity  in  M/sec 


This  relationship  is  expressed  In  Figure  1. 
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FIGURE  1.  Dynamic  Air  Pressure  vs.  Airspeed 
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Two  distinctive  Injury  patterns  have  been  attributed  to  the  "Q"  forces  experienced  In  high  velocity 
ejections.  The  first,  generally  referred  to  as  "wlndblast",  is  characterized  by  soft  tissue  Injury 
resulting  from  localized  dynamic  air  pressure  and  turbulence.  These  forces  produce  surface  burns, 
ecchymosls,  edema  and  petechial  hemorrhages  --  usually  minor  injuries.  Although  It  has  been  suggested 
that  a pulmonary  blast-type  injury  may  also  be  produced,  convincing  evidence  for  this  Is  lacking.  The 
second  and  more  significant  Injury  pattern  associated  with  “Q"  forces  Is  generally  referred  to  as  "flail 
Injury".  Whereas  windblast  Injuries  result  from  relatively  small  locally  applied  forces,  flail  Injuries 
result  from  the  summation  of  force  over  larger  areas  producing  differential  decelerations  of  the  head  and 
extremities  relative  to  the  torso.  According  to  Payne  (Ref  10)  the  differential  decelerations  result 
from  drag  forces  according  to  the  following  relationship: 

Deceleration  - Dr(^^ce  Eq  (2) 


where: 

Drag  Force  . (Dynamic  Pressure)x(Draq  Coeff1cient)x(Frontal  Area)  ,. 

Weight  * Weight Ec»  (3) 

It  may  be  seen  from  these  relationships  that  a greater  frontal  area/weight  ratio  for  the  extrenltles 
relative  to  the  torso  will  result  In  a more  rapid  deceleration  of  the  extremities.  If  the  area/wt  ratio 
for  the  torso  is  further  reduced  by  the  addition  of  an  ejection  seat,  as  It  Is  In  operational  practice, 
the  relative  deceleration  of  the  extremities  will  be  even  greater.  Flail  Injury  appears  to  occur  when 
the  decelerating  head  or  extremity  Impacts  the  ejection  seat  or  when  the  appendage  exceeds  the  limits  of 
motion  of  a particular  joint.  The  resulting  extent  of  Injury  may  range  from  soft  tissue  contusion  or 
laceration  to  major  debilitating  fracture  or  ligamentous  Injury. 

Recent  reports  have  expressed  a growing  concern  with  tne  Incidence  of  wlndblast  and  flail  Injuries 
associated  with  (1)  the  Increasing  operational  performance  envelope  of  USAF  aircraft  (Ref  2,13)  and 

(2)  the  higher  airspeed  of  combat  ejections  (Ref  3,4,7,8,9,12).  However,  there  Is  as  yet  Incomplete 
information  on  the  spectrum  of  injury  produced  by  wlndblast  or  flailing.  By  reviewing  the  seven  year 
USAF  ejection  experience  from  January  1968  through  December  1973,  the  present  study  attempts  to  define 
the  Incidence,  mechanism,  significance,  and  character  of  wlndblast/flall  injury.  ' 

METHODS 

Since  1957  the  Air  Force  has  maintained  a data  bank  at  tne  Directorate  of  Aerospace  Safety,  Air  Force 
Inspection  and  Safety  Center,  Norton  AFB,  California.  This  data  bank  contains  Information  about  all  air- 
craft accidents  Involving  USAF  aircraft.  Pertinent  data  derived  from  aircraft  accident  reports  have  been 
encoded  and  are  stored  in  computer  memory  for  rapid  access  and  retrieval  of  Information.  The  original 
reports  are  maintained  for  several  years  before  being  reduced  to  microfiche  for  permanent  storage.  In 
addition,  the  Aerospace  Medical  Research  Laboratory  maintains  an  abbreviated  version  of  the  computerized 
Norton  Data  Bank  containing  pertinent  Injury  and  personal  equipment  data  (AMRl  Life  Sciences  Data  Bank). 

The  present  report  represents  an  update  and  extension  of  the  original  study  by  Bcschman  and  Rlttgers 
(Ref  2).  All  ejections  from  USAF  aircraft  during  the  period  from  1 January  1968  through  31  December  1973 
have  been  selected  from  the  AMRL  Life  Sciences  Data  Bank  based  on  the  following  criteria: 

(1)  Only  open  ejections  are  included  ( 1 .e. , no  capsules,  no  bail-outs). 

(2)  Only  non  combat  ejections  are  included. 

(3)  Cases  where  the  crew  member  Is  missing  are  excluded. 

(4)  Fatalities  which  resulted  from  ejection  below  the  lower  boundary  of  the  ejection  envelope 
have  been  excluded  because  of  the  difficulty  In  separating  flail  from  impact  Injury. 

From  this  data  base,  all  injuries  which  occurred  during  the  ejection,  parachute  deployment  or  descent 
phases  were  reviewed  as  potential  wlndblast  or  flail  Injuries.  Review  entailed  searching  for  further 
details  within  the  computerized  record  or  narrative  summary  and  in  many  cases  returning  to  the  original 
accident  report  for  further  clarification.  Injuries  were  attributed  to  wlndblast/flall  only  If  it  could 
be  determined  with  reasonable  certainty  that  the  Injury  was  not  caused  by  other  factors  such  as  striking 
the  aircraft,  parachute  deployment  or  landing  impact.  Therefore,  "probable"  wlndblast/flal  1 Injuries  are 
Included  whereas  those  which  can  only  be  classified  as  "possible"  have  been  excluded.  The  result  of  these 
strict  criteria  for  inclusion  as  a windblast/flail  injury  mean.-  the  overall  incidence  is  probably  consid- 
erably underestimated. 

Stapp  (Ref  14,15,17)  and  Fryer  (Ref  6)  have  demonstrated  that  with  proper  helmet  protection  and 
adequate  limb  restraints  serious  "Q"  force  Injury  can  be  prevented.  The  soft-tissue  injuries  ascribed  to 
"wlndblast"  are  usually  minor  injuries.  Review  of  the  1968-1973  operational  experience  supports  this. 

In  fact,  true  wlndblast  Injuries  are  only  Infrequently  noted  In  the  accident  data  file.  Rather  than 
Infrequent  occurrence,  this  probably  represents  failure  to  note  these  relatively  minor  Injuries  especially 
since  they  would  frequently  be  associated  with  the  more  major  flail  injuries.  As  such,  the  incidence  of 
wlndblast  Injury  is  probably  greatly  underestimated  and,  therefore,  only  iiall  ’rju.'les  will  »e  Included 
in  the  subsequent  analysis. 


RESULTS 

Utilizing  the  selection  criteria  described,  from  a total  of  784  ejections  during  the  period  1968-1973, 
631  have  been  selected  for  further  evaluation.  Table  1 char? iterlzes  these  elections  In  terms  of  airspeed 
and  the  overall  severity  of  Injury.  As  shown  by  Buscfinan  and  Rlttgers  (Ref  2)  the  probability  of  flail 
Injury  becomes  significant  only  above  300  KIAS.  However,  In  the  non-combat  operational  experience 
reviewed  here,  only  20*  of  the  ejections  occurred  at  greater  than  300  KIAS.  From  this  finding  the 
overall  Incidence  of  flail  Injury  would  be  expected  to  be  quite  low  In  the  operational  (non-combat)serles 
of  ejections.  For  this  series,  44  cases  of  probable  flail  Injury  were  found  for  an  overall  Incidence  of 
7*  (see  Table  2).  This  corresponds  closely  with  the  Incidence  of  6.6*  found  by  Buschman  for  the  USAF 
experience  (Ref  2)  and  the  incidence  of  6.0*  found  by  Fryer  for  the  RAF  experience  (Ref  5).  Figure  2 
reveals  that  the  probability  of  flail  Injury  for  the  current  series  closely  approximates  that  predicted 
by  Payne  (Ref  10)  based  on  Buschman's  data. 


TABLE  1.  USAF  Non -Combat  Ejections  1968-1973:$8ver  Ity  of  Injury  vs.  Airspeed 


KIAS 

Minimal 
or  Non? 

M'ntr 

Major 

Fatal* 

Total 

Ejections 

Percent  Total 
Ejections 

0-49 

11 

1 

3 

2 

r 

3.0 

50-99 

13 

1 

6 

0 

20 

3.5 

(00-149 

46 

12 

7 

2 

67 

11.8 

150-199 

69 

12 

37 

3 

121 

21.3 

200-249 

81 

26 

39 

7 

152 

26.8 

250-299 

37 

17 

19 

2 

75 

13.2 

300-349 

23 

10 

14 

3 

50 

8.8 

350-399 

6 

2 

8 

1 

18 

3.2 

400-449 

4 

6 

11 

6 

27 

4.8 

450-499 

4 

1 

4 

3 

12 

2.1 

500-549 

1 

0 

5 

0 

6 

1.1 

550-599 

0 

0 

0 

1 

1 

0.2 

>600 

0 

0 

1 

0 

1 

0.2 

TOTAL 

295 

88 

154 

30 

567 

100* 

UNKNOWN 

34 

8 

11 

11 

64 

TOTAL 

329 

96 

165 

41 

631 

PERCENT 

52* 

15* 

26* 

7* 

100* 

♦Fatalities  from  ejections  outside  lower  boundary  of  the  ejection  envelope  have  been  excluded. 
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FIGURE  2.  Probability  of  Flail  Injury  vs.  Airspeed 


TABLE  2.  USAF  Non-Combat  Ejections  1968-1973: Incidence  of  Flail  Injury 
No.  Minor  Flail  Injury  Major  Flail  Injury  Total  Flail  Injury 


KIAS 

Ejections 

No. 

Incidence 

No. 

Incidence 

No 

Incidence 

0-49 

17 

0 

0.000 

0 

0.000 

0 

0.000 

50-99 

20 

0 

0.000 

0 

0.000 

0 

0.000 

100-149 

57 

0 

0.000 

1 

0.015 

1 

0.015 

150-199 

121 

1 

0.008 

0 

0.000 

1 

0.008 

200-249 

152 

5 

0.03? 

2 

0.013 

7 

0.046 

250-299 

75 

1 

0.013 

1 

0.013 

2 

0.027 

300-349 

50 

2 

0.040 

4 

0.060 

6 

0.120 

350-399 

18 

0 

0.000 

4 

0.222 

4 

0 222 

400-449 

27 

3 

0.111 

6 

0.222 

9 

0.333 

450-499 

12 

0 

0.000 

3 

0.250 

3 

0.250 

500-549 

6 

2 

0.333 

2 

0.333 

, 4 

0.067 

550-599 

1 

0 

0.000 

1 

1.000 

1 

1.000 

>600 

1 

0 

0.000 

1 

1.000 

1 

1.000 

TOTAL 

567 

14 

0.025 

25 

0.044 

39 

0.069 

UNKNOWN 

64 

5 

0.078 

0 

0.0 

5 

0.078 

TOTAL 

631 

19 

0.030 

25 

0.040 

44 

0.070 

From  Table  1 It  should  be  noted  that  the  fatality  rate  Is  only  7*  due  to  the  exclusion  of  fatalities 
resulting  from  ejection  below  the  lower  limit  of  the  ejection  envelope.  In  addition,  although  52* 
received  minimal  or  no  Injury,  33%  received  major  or  fatal  Injuries  In  what  should  have  been  survlvable 
situations.  This  represents  the  area  of  greatest  concern  to  the  Air  Force.  Although  the  overall  Inci- 
dence of  major  or  fatal  flail  Injuries  Is  only  4%,  the  significance  of  these  Injuries  becomes  apparent 
when  ejections  over  300  KIAS  resulting  In  major  Injury  or  fatality  are  considered  separately.  Of  these 
cases,  37%  received  major  flail  Injuries. 


As  mentioned  previously,  one  purpose  of  this  paper  Is  to  characterize  flail  Injuries.  Table  3 pre- 
sents the  r?ture  and  distribution  of  flail  injuries  found  In  the  present  series  of  ejections.  Several 
observations  should  be  noted.  First,  there  were  no  major  head  or  neck  injuries  attributed  to  flailing 
this  series.  In  addition,  most  minor  injuries  of  the  head  and  neck  were  attributed  to  flailing  of  the 
head  during  helmet  loss.  Second,  as  would  be  expected,  proximal  limb  injuries  tended  to  predominate  over 
distal  Injuries.  Third,  major  joint  Injuries  (22)  occurred  almost  as  frequently  as  long  bone  fractures 
(27).  Fourth,  upper  extremity  Injuries  (34)  were  more  frequent  than  lower  extremity  Injuries  (28).  This 
latter  finding  Is  In  contrast  to  the  findings  of  Buschman  for  1964-1970.  Table  4 reveals  that,  this 
difference  represents  a reduction  In  lower  llnb  Injuries  rather  than  an  Increase  in  upper  limb  Injuries. 

A more  complete  characterization  of  the  flail  Injuries  from  the  earlier  period  (1964-1970)  is  not 
available.  However,  a review  of  unpublished  Buschman  data  reveals  that  while  all  types  of  lower  extreml  _y 
injuries  were  more  frequent  during  the  earlier  period,  the  major  discrepancy  lies  In  the  number  and  extent 
of  knee  Injuries.  Where  the  present  series  contains  no  dislocations  or  fracture  dislocations,  Bujchman's 
series  contained  at  least  ten.  Although  the  two  series  are  not  strictly  comparable  because  of  'light 
differences  In  the  method  and  criteria  for  selection,  this  discrepancy  could  result  from  several  ^actors. 
First,  the  method  of  Injury  classification  has  changed.  Second,  the  system  of  limb  restraints  has  been 
altered  In  several  aircraft.  Third,  the  usage  of  restraints  by  the  aircrew  members  may  be  different. 
Finally,  there  has  been  a shift  In  the  USAF  aircraft  Inventory  producing  an  alteration  of  the  aircraft/ 
ejection  seat  combinations  represented  among  the  flail  Injuries. 

DISCUSSION 

The  Importance  of  flail  Injury  should  not  be  underestimated.  Although  the  overall  Incidence  of 
major  flail  Injury  Is  only  4%,  the  Incidence  rises  to  22%  in  those  ejections  over  300  KIAS.  The  signifi- 
cance of  this  figure  becomes  apparent  when  the  Southeast  Asia  combat  and  POW  experience  Is  considered. 
Shannon  (Ref  12),  Till  (Ref  13),  Klttlnger  (Ref  8)  and  Lewis  (Ref  9)  have  attempted  tc  review  the  USAF 
combat  and  POW  experience.  Table  5 summarizes  the  USAF  data  and  the  Navy  experience  as  reported  by 
Every  (Ref  3,4)  and  Klnneman  (Ref  7).  The  combat  ejections  occur  at  much  higher  airspeeds  with  a 
corresponding  rise  In  the  Incidence  of  flail  injury.  However,  the  Incidence  of  major  flail  Injury  over 
300  KIAS  appears  to  be  decreased.  This  may  be  explained  by  the  fact  that  the  POW’s  represent  a very 
select  population  - those  who  were  able  to  survive  ejection  as  well  as  withstand  the  rlgots  of  captivity. 
It  Is  quite  conceivable  that  a significant  number  of  flail  Injuries  resulted  In  ejection  fatalities  or 
deaths  while  In  captivity.  If  this  were  the  case,  the  need  for  Improved  limb  restraints  to  prevent 
flailing  becomes  even  more  Imperative. 
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TABLE  4,  Comparison  with  Buschman  Data 


USAF 

1968-1973 

USAF 

1964-1970 

(Buschman) 

Data  Base 

631 

940 

Total  Flail  Cases 

44 

62 

Flail  Injuries 

Head  and  Neck 

6 

21 

Upper  Limb 

34 

64 

Lower  Limb 

28 

115 

TABLE  5.  Comparison  of  Combat  and  Non-Combat  Ejections 


USAF 

1968-1973 

Non-Combat 

(Ring) 

USAF 

POW 

(Lewis) 

NAVY 

POW 

(Every) 

Data  Base 

567 

162 

97 

Ejections  > 300  K1A3 

20* 

72* 

83% 

Ejections  > 500  KIAS 

1* 

33* 

29* 

Flail  Injury 

7* 

12* 

30* 

Major  Flail 

4* 

9* 

25* 

Major  Flail  >300  KIAS 

22* 

13* 

The  lack,  cf  major  head  or  neck  flail  Injury  Is  In  agreement,  with  the  'Indlngs  of  Klttlnger  (Ref  8) 
and  Lewis  (Ref  9).  In  addition,  most  minor  head  and  neck  Injuries  appear  to  be  caused  by  torsion  of  the 
head  and  neck  resulting  from  aerodynamic  forces  actlnq  on  the  helmet.  Although  the  series  jnder  study  Is 
fairly  small,  this  finding  does  suggest  that  the  current  system  of  head  restraint  by  the  ejection  seat 
headrest  may  be  sufficient  to  minimize  the  possibility  of  major  head  and  neck  flail  Injury. 

The  predominance  of  proximal  versus  distal  extremity  Injuries  and  the  distribution  of  bone  and  Joint 
injuries  requires  an  understanding  of  the  mechanisms  of  bone  and  Joint  failure.  As  a result  of  the 
external  forces  which  are  applied  to  the  limb  In  the  form  of  Q-fcrces,  the  tissues  (bone,  ligament,  tendon, 
etc.)  develop  Internal  forces  and  displacements.  Displacement  of  the  limb  occurs  until  motion  Is  limited 
by  either  anatomical  constraints  (e.g.,  muscle  resistance  or  joint  capsule  limitations)  or  external  con- 
straints (e.g.,  contact  with  the  seat  or  limb  restraints).  Depending  on  the  anatomical,  structural  and 
mechanical  properties  of  the  tissues  I'.volved,  failure  occurs  when  a critical  stress  or  strain  (or  both 
Is  reached.  Classical  engineering  conceots  Involving  equilibrium  considerations  and  free  body  analysis 
can  be  used  to  define  the  forces  operative  on  the  extremity  and  those  which  lead  to  failure.  This  labora- 
tory Is  presently  conducting  failure  tests  on  bone  and  joint  structures  to  define  these  critical  failure 
limits  at  the  structural  and  tissue  level. 

From  a knowledge  of  the  anatomical,  structural  and  mechanical  properties  It  is  frequently  possible 
to  retrospectively  determine  the  forces  and  displacements  from  analyzing  the  injury  Itself.  For  example, 
an  anterior  dislocation  of  the  shoulder  Is  usually  produced  by  forced  abduction  and  external  rotation  of 
the  humerus.  Similarly,  a spiral  fracture  cf  the  femur  is  produced  by  torsion  forces  as  might  be  seen 
with  flailing  of  the  lower  leg  whereas  a transverse  fracture  Is  usually  produced  by  directly  applied 
bending  forces  as  might  be  seen  with  Impacting  the  seat  (without  torque). 

In  summary,  an  understanding  of  the  mechanisms  of  failure  Is  assential  In  the  desiqn  of  protective 
equipment  and  restraint  systems.  In  addition,  analysis  of  the  mechanisms  of  failure  of  the  musculoskeletal 
system  Involves  (1)  knowledge  of  the  resultant  forces  and  displacements  of  limbs  from  externally  applied 
forces,  (2)  definition  of  constraining  factors  (both  external  and  Internal)  which  resist  these  applied 
forces  and  (2)  analysis  of  the  anatomical,  structural  and  material  properties  at  the  tissue  level  which 
define  the  ultimate  failure  limits  of  the  anatomical  part. 
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CONCLUSIONS 

1.  Flailing  results  from  differential  deceleration  of  the  limbs  relative  to  the  torso.  Injury  occurs 
when  the  Internal  forces  and  displacements  produced  by  the  applied  “Q"  forces  reach  critical  levels  and 
result  In  tissue  failure. 

2.  Although  the  overall  Incidence  of  flail  Injury  In  USAF  non-combat  ejections  appears  low,  It  remains 
a significant  operational  problem  In  open-seat  high-speed  ejections.  This  Is  supported  by  the  combat  and 
row  experience  In  Southeast  Asia. 

3.  Although  there  appears  to  be  a decrease  In  lower  extremity  flail  Injuries  during  more  recent  ejections, 
the  cause  of  this  Is  uncertain  and  probably  results  from  a multiplicity  of  factors.  A continuing  effort 
must  be  made  to  improve  the  methods  of  limb  restraint. 

4.  Analysis  and  understanding  of  the  mechanisms  of  failure  Is  as'-entlul  to  the  design  of  protective 
equipment  and  restraint  systens.  This  requires  a knowledge  of  (1,  the  forces  and  dlspl accents  Involved, 

(2)  the  constraining  factors  which  resist  these  forces  and  (3)  tne  structural  and  material  properties  of 
the  tissues  which  determine  the  ultimate  failure  limits. 
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DISCUSSION 


In  reply  Co  questions  from  Linbury  (U.K.),  Ring  agreed  that  tha  25  or  ao  caaas  of  major 
flail  injury  occurred  in  ejection*  uaing  a multitude  of  ejection  teat  types,  chough  they  were 
predominantly  from  F4  and  B52  aircraft.  He  did  not  at  present  have  data  which  would  relate 
the  incidence  of  leg  flailing  to  tha  pretence  or  abaenca  of  leg  rettreint,  nor  the  incidence 
of  arm  flailing  to  tna  system  of  ejaction  initiation  employed  (cver-the-heed,  between  the  legs, 
or  outboard  D-ringt,  or  contend  election).  He  stated  that  tome  recent  work  had  indicated  that 
use  of  the  over-tha-head  D-rirg  wad,  however,  associated  with  a higher  incidence  of  arm  and 
shoulder  injuries. 
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In  order  to  give  a clinical  contribution  to  the  study  of  Injuries  caused  by  vlndblaat 
during  escape  by  ejection  seat  from  high  speed  Jet-alrcraf t,  the  author  cooperatively  anas 
lysed  the  results  of  ejections,  observed  by  hiawelf  during  20  years,  where  Italian  pilots 
suffered  Injuries  particularly  due  to  windtlast. 

Of  the  total  number  of  100  caaes  of  oscape*  analysed,  47  pilots  successfully  ejected 
without  injury  and  11  ejections  proved  fecal . The  remaining  42  pilots  suffered  traumatic 
Injuries  after  ejection,  and  of  these  21  sustained  lnjuxl.ee  exclusively  due  to  vlndblaat, 
and  precisely  s these  lnjuxl.es  were  due  to  direct  aerodynamic  pressure  on  the  body  In  9 
cases,  t.o  violent  dislocation  of  head  In  1 case,  and  to  flailing  of  limbs  In  11  enses.  In 
no  case  the  author  could  find  injuries  certainly  aid  exclusively  due  to  some  other  factors 
also  connected  to  vlndblaat , as  wind  drag  deceleration  or  spinning  and  tumbling  of  the  bos 
dy  during  froe  fall . 

Analogous  analysis  Is  carried  out  about  7 cues  of  traumatic  Injuries  suffered  by  air- 
crews within  thj  cockpit  of  aircrafts  following  accidental  loss  or  sudden  opening  of  the 
canopy  or  a<-tev*  Its  explosion  in-flight. 

Than  the  author  analysed  the  pathogenetic  mechanisms  of  tha  Injuries  caused  by  wind- 
blast,  the  relative  limits  of  tolerance  of  humen  body  and  the  systems  which  could  be  am* 
ployed  and  ulteriorly  improved  In  order  to  Increase  the  human  resistance  to  aerodynamic 
pressure  of  the  wind,  for  the  prevention  and  the  reduction  of  lethality  of  these  injuries, 
typical  In  Aviation  accident  pathology. 

wmMvgixgiu 

Injuries  after  ejection  from  high  speed  jet-aircrafts  are  of  great  Importance  In  Avijp 
tlar.  pathology. 

In  addition  to  the  spinal  fractures,  caused  by  Initial  considerable  acceleration- 
ejection  jolt  applied  to  the  pilot's  body  In  the  direction  from  buttocks  to  head  by  the 
explosion  of  the  ballistic  or  rocket  devices,  the  ejected  subject  may  sustain  other  inJu 
rJ  as  caused  by  different  remarkable  forces  acting  on  his  body  during  the  subsequent  phases 
of  ejection,  as  « the  deceleration  cheat  to  back,  due  to  the  air  Impact  and  the  wind  drag 
encountered  on  entering  the  slipstream  when  he  is  ejected  out  of  the  cockpit  j the  aero« 
dynamic  pressure  usually  referred  to  os  vlndblaat  or  ram  pressure,  and  the  consequent  blunt 
action  of  relative  wind,  the  speed  of  which  Is  about  the  same  of  abandoned  aircraft  ; the 
possible  further  acceleration  forces,  sometimes  complex  ones,  duo  to  particular  and  abnormal 
attitudes  of  aircraft  In  the  ejection  phase,  caused  by  the  critical  emergency  conditions  ufl 
der  which  escape  from  aircraft  usually  occurs  ; and  so  on. 

S T2VL  WMtmtP  gAVgfiP  BT  WMRMtfl. 

The  purpose  of  the  present  survey  is  fundamentally  to  contribute  to  the  study  of  lnjus 
rles  due  to  vlndblaat  in.  the  phase  of  escape  Immediately  following  the  seat's  and  pilot's 
ejection,  and  of  their  illative  frequency,  through  a comparative  analysis  of  ths  results  of 
escapes  from  aircraft  by  ejection  seat,  carried  out  in  emergency  conditions  by  some  Italian 
military  and  civil  jet- pilots  over  a fairly  long  period  of  time. 

For  the  same  purpose  analogous  analysis  Is  made  about  the  injuries  suffered  by  aircrews 
within  the  cockpit  of  aircrafts  following  accidental  loss  of  the  canopy  or  after  its  explo* 
slon  in-f light. 

1.-  Injuries  sustained  during  election.- 

For  the  purpose  described  above  100  ejections,  personally  observed  In  a period  of  20 
years,  were  taken  Into  consideration  In  the  present  survey. 

Of  thla  total  number  11  ejections  proved  fatal  t In  theee  oases  the  pilot's  death  was 
generally  brought  about  by  the  violent  Impact  of  his  body  on  the  ground  because  of  failure 
or  delay  In  the  opening  of  the  parachute  due  to  the  low  or  very  low  height  at  which  ejection 
was  carried  out  or  other  causes. 

Of  the  remaining  group  47  pilots  successfully  ejected  from  aircraft  without  injury,  and 
42  pilots  sustained  trauoatlo  Injuries  during  the  various  phases  of  ejection  t of  these, 

15  sustained  single  or  multiple  vertebral  fractures  (due  to  Initial  acceleration-ejection 
jolt),  associated  or  not  with  other  non-vertebral  lesions,  and  27  sustained  other  traumatic 
injuries  different  from  spinal  fractures. 

However,  in  this  total  number  of  42  subjects  injured  during  ejection,  traumatic  Injuries 
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exclusively  due  to  windblast  (and  associated  or  not  with  other  injuria*  dua  to  different 
phases  of  escape)  vara  sustained  on  the  whole  by  21  subjects  , as  shown  by  the  following 
Table  1 t 

TAB  LB  1 


Total  number  of  Sjectlons 

i 100 

Nuaber  of  Dead  Pilots 

« 11 

Nuaber  of  Unhurt  Pilots 

» 4? 

t 42 

Total  Nuaber  of  Injured  Pilots 
(of  whom  15  with  spinal  fractures, 

associated  or  not  with  other  no n- 
rartabral  injuries),  and  of  these  » 

Nuaber  of  Hlota  with  injuries  excluaj, 
▼aly  dua  to  wlndblast  (associated  or 
not  with  other  injuries  dua  to  differ 
rent  phases  of  sacs ?e ) 
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The  details  of  these  last  21  cases,  with  the  description  of  the  respective  trauaatlc 
injuries  sustained  by  eath  pilot,  are  shown  in  the  following  Table  IZ  t 

TABU  II 


No. 

Type  of  Altitude 
aircraft  of  escape 
£1 

Speed  of 
1 aircraft 
_ kta 

Injuries  exclusively  dm  to  windblast  (associated  or 
not  with  other  injuries  due  to  different  factors) 

1 

F.1C40 

1.500 

430 

0 

fractur*  of  T«120;  fracture  of  right  tibia  and  fibula 

2 

P.1C40 

3.000 

460 

fracture  of  T.12  $ fracture  of  left  humerus 
fractures  cf  T.7,  T.8,  T.12,  L.1  ; fracture  of  right 
tibia  and  fibula 

3 

FIAT  0. 

91  3.000 

350 

4 

F.104C 

15.000 

380 

fracture  of  1.1  { fractures  of  both  ankles 

5 

T.33 

6.000 

350 

contusion  of  chest,  fractures  of  10th  and  11th  left  rib 

6 

T.33 

10.000 

not  known 

fracture  of  left  elbow 

7 

F.84? 

2.000 

380 

contusion  with  haametooa  of  the  back,  wounde  of  elbows 

8 

F.84F 

3.000 

370 

contusions  of  right  shoulder  and  both  teaporo-mendlbu* 
lar  regions, sub Junctival  haemorrhages 

9 

F.86K 

5.000 

280 

contusion  of  left  mastoid  region  and  left  ear 

10 

F.84F 

17.000 

360 

dlstorsion  of  left  knee 

11 

F.34F 

4.000 

340 

contusion  of  chest,  wound  of  chin,  sub junctival  haernor* 
rhagee 

12 

F.84F 

9.000 

370 

fracture  of  left  tibia  and  fibula 

13 

F.86B 

3.500 

not  known 

fracture  of  nasal  sept,  contusion  of  chest,  petechial 
haemorrhages  of  face 

14 

F.84F 

2.000 

320 

contusion  of  left  leg,  wound  of  right  mastoid  region 

15 

F.86B 

3.000 

290 

contusions  of  chest  and  left  mastoid  region 

16 

F.86K 

15.000 

340 

dlstorsion  of  right  ankle | burns  of  both  hands00 

17 

F.86K 

6.000 

360 

dlstorsion  of  right  shoulder,  contusion  of  left  foot 

18 

F.84F 

not  known 

350 

dlstorsion  of  left  ankle 

19 

F.104G 

8.000 

450 

contusion  of  head  with  commotio  cerebri,  large  wound  of 
scalp,  subjunctlval  haemorrhages 

20 

F.1040 

35.000 

400 

multiple  ecchymotic  contusions  on  the  face  j congela= 
tion  of  both  Lands00 

21 

F.1040 
Notes  : 

18.000 

380 

dlstorslons  of  lsft  knee  and  right  ankle 

0 The 

vertebral  fractures, 

sustained  during  the  first  phase  of  escape,  were  due  to 

acceleration-ejection  jolt. 

°°  The  associated  lnjurlos  (burns,  congelation)  were  obviously  due  to  other  causes, 
different  froa  windblast  (fire  aboard  before  escape,  exposure  to  very  low  tempera* 
ture  of  escape  altitude). 


In  the  Table  described  above,  after  excluding  the  first  4 cases  (in  which  the  subjects 
also  sustained  single  or  multiple  vertebral  fraotures,  due  to  the  initial  acceleration  - 
ejection  Jolt  buttocks  to  head),  only  the  pilots  who  sustained  trauaatlc  injuries  excluel* 
/el y due  to  windblast  after  ejection  are  listed. 

In  fact,  according  to  the  purposes  of  the  present  survey,  the  Table  II  does  not  Include 
all  the  cases  (especially  bone  fractures  of  the  lower  Hubs,  strong  contusions  of  various 
parts  of  the  body,  as  face,  chest,  Hubs  ; burns,  and  so  on,  besides  the  vertebral  fractures 
by  ejection)  of  single  injuries  which  were  likely  sustained  during  the  various  phases  of 
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ejection  with  mechanisms  different  from  aerodynamic  pressure  of  wind,  as  for  example  t 
impact  of  various  parts  of  the  body  against  the  structures  of  aircraft  during  escape  from 
cockpit  { violent  action  of  retaining  straps  of  protective  helmet  and  oxygen  mask,  some* 
times  violently  pulled  away  by  the  vlrl  ; abrupt  traction  of  parachute  harness  on  <mders 
lying  parts  of  body  at  the  mnment  of  considerable  deceleration  following  the  opening  check 
of  parachute  canopy  ; violent  or  Incorrect  ground  Impact  at  the  moment  of  landing  5 burn 
lng  effects  of  flames  or  heat  of  fires  breaking  out  on  board  before  escape,  and  so  on. 

She  prerent  case  survey  has  been  therefore  intentionally  llod ted  to  the  study  of  the 
blodynamlc  response  to  wlndblest  in  ejections  by  seat. 

2.«  Injuries  sustained  after  accidental .loss  or  explosion  lnrflleht  of  canopy. 

The  present  survey  has  been  completed  with  an  analogous  analysis  carried  out  about  the 
injuries  suffered  by  aircrews  within  the  cockpit  of  military  aircrafts  following  accidental 
lost  or  sudden  opening  of  the  canopy  or  after  its  explosion  in-flight. 

For  this  purposis  the  Table  III  lists  seven  cases,  personally  observed  by  the  author, 
with  the  respective  circumstances  of  each  flight  accident  and  the  description  of  the  injuries 
particularly  due  to  wlndblest  ( 1 ) . 

TABU  III 


Type  of  Altitude  Speed  of  Circumstances  Injuries  ae  to  wind blast  Injuries  due  to 


No. 

aircraft 

ft 

aircraft 

kts 

of  flight 
accident 

rapid  decompress 
sion  or  other 
fecturs 

1 

F.84F 

18.000 

450 

opening  of 
canopy 

multiple  contusions  and 
abrasions  on  the  face 

2 

P.84G 

24.000 

320 

loss  of 
canopy 

multiple  contusions  and 
abrasions  on  the  face,  pai 
pebral  ecchymosls 

3 

P.84G 

20.000 

400 

breach  of 
canopy 

multiple  ecchymotic  contu* 
sioru-  >n  the  face 

bilateral  aero- 
otltls 

4 

F.64G 

33.000 

380 

opening  of 
canopy 

subjunctlval  and  fecial  pg 
techial  haemorrhages,  nose- 
bleeding 

bilateral  aero- 
otitis,  slight 
left  bradyacusla 

5 

F.86K 

16.000 

400 

loss  of 
canopy 

subjunctlval  haemorrhages, 
wound  of  lower  lip,  facial 
congestion 

slight  bilateral 
.aero-otitis 

6 

D.H.100 

30.000 

320 

explosion 
in-flight 
of  canopy 

nasal  and  subjunctlval 
haemorrhages 

7 

F.86E 

30.000 

430 

explosion 
in-flight 
of  canopy 

subjunctlval  haemorrhages, 
faciei  congestion 

bilateral  aero- 
otltls,  congelg 
tion  of  hands 

Mote  : 

This  Table  doesn't  include  all  the  other  cases,  also  observed  by  the  author,  in 
which  the  pilots  did  not  suffer  any  Important  injuries  due  to  wlndblast,  after 
opening  or  explosion  in-flight  of  the  canopy. 

The  Table  described  above  shows  therefore  that,  besides  the  frequent  barotraumatic  injus 
rles  due  to  sudden  decompression  of  pressurized  cockpits,  almost  all  the  subjects  of  the  ca= 
ses  examined  here  had  sustained  some  congestive  and/or  haemorrhagic  distresses  at  level  of 
the  conjunctival  and  nasal  mucous  membranes  and  of  the  face  skin,  associated  or  not  to  traus 
matlc  facial  Injuries  (as  contusions,  abrasions,  wounds),  the  last  ones  generally  being  due 
to  violent  compression  of  oxygen  mask  and  protective  helmet  exerted  on  the  subject's  face 
by  strong  external  slipstream  or  to  direct  blast  of  the  lateral  alrstream  violently  entered 
within  the  cockpit. 

PATHOGENETIC  MECHANISM  OF  THE  UINPBLA5T  INJURIES. - 

As  the  seat  separates  from  the  aircraft  after  ejection,  both  the  ejection  seat  and  its 
occupant  are  immediately  subjected  to  continually  changing  combinations  of  wind  drag  decelg 
ration,  wlndblast,  tumbling  and  spinning  of  the  human  body  during  the  following  free  fall. 
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a.- 

Ob  laaviag  tbo  aircraft  the  seat,  whloh  la  still  travailing  forward  at  tha  apaad  of 
tha  aircraft,  enters  stationary  air  and  la  subjected  to  a rapid  daoalaration  dua  to  wind 
•2rag.  Tha  extant  of  tbia  deceleration  dapanda  upon  tha  equivalent  airspeed,  tha  combined 
mass  of  tha  seat  and  aan,  and  tha  affactiva  croaa-aactional  araa  axpoaad.  In  particular, 
tha  high*!  tha  ic&loated  alrapaad,  tha  greater  la  tha  daoalaration  affact.  for  a given 
lndloatad  air  apaad,  tha  maximum  linear  dacalerationa  ara  not  affected  bp  altitude  but  a a 
tha  ejection  altitude  la  increased,  tha  decoloration  tlaa  ia  aore  prolonged  t this  ia 
dua  to  tha  fact  that  for  c given  indicated  air  apaad,  increased  altitude  causes  a greater 
Li a* tic  e> »rgy  which  cu*t  be  dissipated  as  a function  of  tlaa  In  an  ataoupher*  of  lower 
density. 

SJaotion  easts  ara  usually  provided  with  coat  fora  of  stabilisation  spates  so  that 
this  deceleration  take*  place  in  a relatively  "straight*  line  i an  unstable  seat  spates 
produces  a coaplex  variety  of  forcee  on  the  seat  occupant.  There  ara  easy  faotora  which 
affwot  tha  drag  characteristics  of  ths  aan/saat  coaplex  and  it  la  not  possible  to  lap 
down  a saxlsus  Indicated  air  apaad  for  safe  ajaotlon.  disusing  a aaxlsua  safe  peak  linear 
daoalaration  of  35  0,  it  has  bean  caloulatsd  that  this  might  be  experienced  at  an  lndloa- 
ted  air  speed  between  600  and  700  knots  (DODIB,  1972,  5). 

STAFP  (1957,  28)  has  defined  these  tolerance  limits  as  i a magnitude  of  50  0 atta- 
ined at  900  0/eac.  with  a maximum  duration  of  0,2  sac.;  a rata  of  ehange  of  1500  G/sac. 
up  to  40  G with  a maximum  duration  of  0.16  are.;  and  a duration  for  forces  greater  than 
25  G of  not  more  than  1 aac.  at  a rata  of  onaat  of  500  G/sao. 

However,  tha  upper  limit  of  human  tolerance  probably  lias  in  tha  region  of  an  indi- 
cated airspeed  of  600  knots.  Tha  daoalaration  might  be  made  sore  tolerable,  and  this 
Halt  raised,  if  the  area  of  the  seat  presented  to  the  alratream  were  reduced  bp  aarody- 
namio  shaping,  or  if  a forward  thrust  ware  applied  to  counter  tha  daoalaration.  In  either 
ossa,  to  give  tha  asms  overall  velocity  change,  tha  lower  peak  daoalaration  would  have  to 
be  applied  for  a longer  time  and  the  advantage  obtained  would  be  very  small. 

As  regards  ths  prsssnt  survey,  no  oase  of  traumatic  injuries  seems  to  be  certainly 
and  axcluaivaly  dua  to  wind  drag  daoalaration,  this  depending  upon  tha  oirousatanoaa  of 
tha  ejections  examined  hare  > ai rape* da  not  exceeding  460  knots,  acceleration-ejeotion 
jolt  of  14  to  18  0 for  a duration  of  0.5  to  0.15  eeo.,  acceleration  gradient  not  exceed- 
ing 350  G/aac. 

B.-  Wlndblaat. 

The  alratream  encountered  by  tha  ejected  man  exerts  on  hia  an  aerodynaalo  pressure 
usually  referred  to  a a "wlndblaat”,  "ram  praaaura"  or  "q".  Tha  extant  of  this  preeaure 
varies  with  ths  density  of  tha  airatrsaa  and,  therefore,  for  the  same  true  speed  it  is 
reduced  as  altitude  inorsasas.  It  is  thus  related  to  the  Indicated  alrapaad  rather  than 
tha  true  alrapaad  (being  the  foroe  measured  by  tha  pitdt-airepaad  indicator  syataa)  and 
varies  with  tha  square  of  tha  veloolty  (for  example,  tha  foroe  at  400  knot#  is  appro ring 
tivaly  16  times  greater  than  that  at  100  knots).  Tha  aerodynaalo  praaaura  la  therefore 
greater  at  high  apasda  and  low  altitudes.  For  instance,  tha  apaad  of  sound  at  sea  level, 
660  koota  (Mach  - 1),  ia  asaociatad  with  a "q"  value  of  13  lb/in2  (tha  aeeaured  "q"  belrg 
about  5-4  lb/lo2  at  450  knots). 

Tha  affects  of  thlu  aerodynaalo  presaure  or  foroe  "q”  can  be  divided  in  those  pro- 
duced by  direct  praaaura  on  tha  body,  suoh  as  peteohlal  and  subjunotival  haemorrhages  and 
various  oontuslve  injuries,  and  those  produced  by  fltlllng  of  tha  head  and  axtrealtiea, 
such  aa  articular  distortions  or  dislocations  and  bona  fractures. 

At  speeds  up  to  400  knots  tha  direot  praaaura  of  wind  is  unlikely  to  cause  Injury  to 
tha  f act,  particularly  if  tha  fees  is  covered  } tha  oxygen  mask  prevent*  tha  entry  of 
air  into  tha  lung*  and  stomaoh.  Tha  unprotected  face  begins  to  suffer  from  the  affect* 
of  blast  at  about  100  knots  of  indicated  alrapaad  i at  this  speed  the  eoft  tissue*  of  th* 
face  begin  to  flutter  and  distort,  tha  distress  ao  oauaad  lncreaaing  progressively,  until 
at  about  300  knots  traumatio  lasiona  begin  to  occur.  Th*  risk  of  laceration  is  oonslJa- 
rably  increased  if  th*  mouth  or  ay as  are  open  at  th*  time  tha  blast  is  experienced.  Here 
over,  although  th*  face  is  normally  protaotad  by  flying  olothing,  conventional  bead  ge.\ r, 
whloh  inoludas  oxygen  mask,  halaat  and  goggles,  is  liable  to  b*  stripped  off  mt  apaad* 
above  150  to  200  knots,  exposing  th*  subject  to  th*  possibility  of  anoxia,  in  addition 
to  faolal  injury. 

Th*  flailing  of  th*  head  and  extremities  is  probably  a much  more  serious  problem. 
Head's  violent  flailing  may  causa  unconsciousness,  or  oven  fatal  brain  or  oarvloal  cord 
damage,  while  flailing  of  th*  arms  and  lags  can  laad  to  fraoturaa  or  joint  dialooationa. 
With  th*  body  unsupported,  a "q"  of  4-5  lb/in2  or  more  leads  to  flailing  of  a fore*  whloh 
cannot  b*  controlled  by  ausoular  effort  (STAFF,  1957,  28).  Th*  onset  of  flailing  can  b* 
ao  rapid  that  muscular  reflex  action  ia  inaffaotual  even  at  ram  praaaura  below  4-5  lb/in2. 
At  450  knot*  full  abduotlon  of  th*  hip  joints  oan  taka  plao*  in  0.1  sac.  and  at  greater 
apasda  ths  load  on  unsupported  limbs  may  exceed  th*  atrangth  of  th*  major  jointa. 
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The  aerodynamlo  forces  acting  on  the  criwun  daring  ejection  can  dislodge  the  limbs, 
and  because  of  tba  differences  bstwssn  the  ballistic  characteristic*  of  tba  liaba  aid  the 
torao-aaat  combination,  tba  liaba  will  decelerate  aora  rapidly  and  any  ba  injured  whan 
tba  raarward  action  la  stopped.  Sitbar  tba  llaita  of  tba  llab  joints  ora  exceeded  or  tba 
liana  ara  injurad  by  iapacting  tba  seat,  which  ia  dacalaratad  laea  rapidly. 

Tba  aquation  governing  tba  dacalaration  of  aach  body  or  aaat  aagaant  la  expreaned  by 
tba  following  drag/wcight  ratio  ; if  tba  ratio  (drag/waight)  wara  tbarafora  tha  same  for 
liaba  aa  wall  aa  tba  torao  and  seat,  all  segments  would  alow  down  at  tba  aaaa  rata  tnd 
tba  injuriaa  would  ba  laaa  aarioua  and  laaa  frequent  : 
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Experimental  data  of  various  autbora  (BUSCHEAN,  1972,  3 t BEINELSY,  PAYNE,  1973,  2), 
wbe  accomplished  datailad  analyaia  of  oany  accident  raporta  and  coaprshenaive  analyaia 
of  flailing  injuriaa  axparianoad  during  tha  period  of  1 964  to  1972  in  USAF,  ahowad  that 
tba  inoldanoa  of  flail  injury  lnoraaaaa  exponentially  with  airspeed  aa  algbt  ba  axpaotad  ; 
but,  wbila  previously  tba  thraahold  of  flail  injury  waa  thought  to  ba  placed  at  airapaod 
of  400  to  500  knota,  they  bava  aaeertained  that  tUv  inoidanoa  of  tbaaa  injuriaa  ia  signi« 
flcant  in  tba  300  to  400  knot  ra&ga,  and  in  the  400  to  500  knot  range  tha  flail  injury 
rata  can  axoaad  30  percent,  and  approxiaately  60  percent  of  tha  injuriaa  identified  wara 
either  oajor  injuriaa  requiring  extensive  hoe, .tali nation  or  **re  fafc.u-.  Beni dee,  aa ay 
of  tha  aajor  injuries,  auoh  aa  lag  fraotures,  ara  Ufa  thraatanlng  during  parachute 
landing  and  reduoe  tba  probability  of  survival  during  tba  period  prior  to  raaoua. 

Tbia  analyaia  baa  tbarafora  clearly  shown  that  tha  flail  Injury  ia  a aarioua  problem 
in  tha  intaraediate  apead  ranges  aa  wall  aa  the  bigb  speed  ranges,  and  that  tha  thraahold 
of  injury  ooour*  at  a lowar  airepaed  than  originally  estimated,  as  woll  aa  at  600  knoto, 
tba  currently  accepted  Halt  of  tba  open  eject  ion  east,  there  ia  a 100  parcant  Incidence 
of  flail  injury. 

If  wa  now  comparatively  analyse  tha  data  resulting  from  tha  praaant  survey,  in  which 
tha  blodynaaio  response  to  windbluat  has  bean  studied  In  100  cases  of  eacape  by  open 
ejeotion  aaat  carried  out  by  Italian  pilots,  on  tha  whole  21  subjects  (=»  21  percent)  eu» 
stained  traumatic  injuriaa  exoluoively  due  to  wlndblast.  Tha  equivalent  airspeeds  of 
aaoapa,  at  which  aajor  Injuries  (especially  bone  fractures)  were  sustained,  are  included 
between  350  and.  450  knota  ; these  reaulte  give  a further  evidence  and  confirm  that  the 
threshold  of  the  wlndblast  injuries  occurs  approximately  at  350  knota  of  equivalent  air- 
speed and  thair  Inoldanoa  lcoreaees  as  airspeed  increases. 

As  regards  the  influence  exerted  by  single  biodynamic  factors  which  are  efficient 
causes  of  these  injuries,  among  21  osses  described  above  do  injury  seems  to  be  oertainly 
due  only  to  rapid  wind  drag  deceleration,  while  all  the  traumatic  lesions  on  ths  contrary 
ara  prtvalently  to  ba  asorlbsd  to  the  effects  of  aerodynamic  pressure  or  force  "q"  : 
these  effects  can  ba  divided,  as  said  before,  in  those  produced  by  direot  aerodynamic 
pressure  on  the  body  (in  the  present  survey  9 cases,  precisely  the  cases  no.  5,7,6,9,11, 
13,H,15,20)  end  those  produced  by  flailing  of  the  head  (1  case  : case  no.  19)  and  by 

flailing  of  limbs  and/or  their  impact  against  the  seat  (It  cases,  precisely  the  cases 
no. 1,2, 3,4, 6, 10, 12, 16, 17, 18,21). 

Of  these  last  11  cases,  related  to  injuries  due  to  flailing  of  limbs,  it  stay  be 
interesting  to  ecalyse  tbs  location  of  injuries  which,  in  ths  present  survey,  prevalently 
oonslsted  of  bone  fractures  (6  cases)  and  joint  distortions  (5  cases).  Such  lesions  wars 
most  frequently  localised  in  the  lower  limbs,  particularly  in  the  lege  and  ankles  (4  free 
turee  of  tibia  and  fibula,  4 single  or  multiple  distortions  of  which  2 only  localized  in 
a knee,  3 only  in  an  ankle,  and  1 at  the  earns  time  in  a knee  and  in  an  ankle),  and  less 
frequently  in  the  upper  limbs  ( 1 fracture  of  humerus,  1 fracture  of  elbow,  1 distortion 
of  shoulder). 

These  results  lead  to  tne  conclusion  that  two  areas  of  vulnerability  appear  to  exist, 
both  localized  in  the  lower  limbs-  In  fact,  whilst  the  upper  part  of  the  femur,  including 
the  acetabular  joint,  may  alec  fci  fractured  or  dislocated  when  the  thighB  are  raised  and 
abducted,  more  frequently  the  bones  of  the  leg  and  the  joints  of  knee  and  ankle  appear  to 
| be  mors  vulnerable,  perhaps  because  the  thighs  are  in  some  way  restrained  (ae  by  thigh 

| guards  if  the  seat  ia  in  a nose-down  attitude).  On  the  contrary  the  lege  and  the  feet 

► are  mors  easily  subjected  to  movements  of  violent  lateral  dislocation,  because  in  general 
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the  forces  that  t«Qd  to  isova  the  liabe  laterally  are  larger  than  anticipated  and  are  de- 
pendent  upon  a number  of  factore  inoluding  the  proximity  of  other  eegaente  of  the  body 
and  proximity  of  the  ejection  aeat  atructure. 

Particularly  in  caae  of  lateral  flailing  of  lega  the  aedial  collateral  ligament, 
joint  capaule,  aynovia  and  cruciate  llgamenta  of  Knee  may  be  torn,  and  the  aedial  meni- 
acua  completely  detached  from  the  ligament.  The  aame  diatortioual  leaiona  may  occur  with 
the  auae  mechaniam  at  level  of  the  joint  of  ankle  in  caae  of  lateral  dielocation  of  feet. 

As  regarde  the  lean  frequent  injuriee  localized  in  the  upper  liabe,  it  aeema  that 
eome  difficulty  ie  experienced  in  maintaining  a grip  on  the  handle  of  a face-blind  or  a 
seat  trigger  at  indicated  airepeede  in  exceea  of  about  450  knots.  When  an  arm  is  allowed 
to  flail  laterally,  dielocation  of  the  acapulo -humeral  joint  or  fracture  of  the  upper 
third  of  the  humerus  may  result.  This  type  of  injury  clearly  jeopardises  survival  if  the 
person  escaping  is  required  to  perform  any  manual  action,  such  ae  the  release  of  a para* 
chut a harness  or  manual  separation  from  the  seat. 

Afterwards  in  the  first  9 cases  of  21  analysed  in  the  present  survey,  that  ie  the  ca 
see  of  injuries  due  to  direct  aerodynamic  pressure  on  the  body,  these  Injuries  consisted 
of  face  contusions  with  petechial  facial  and  subjunctival  haemorrhages  sometimes  also  with 
nasal  fractures,  multiple  contusions  in  various  parts  of  body. 

These  injuries,  therefore  of  prevalently  contusive  type  (that  is  by  Impact  with  rela 
tive  wind),  for  frequency  and  magnitude  proved  to  be  directly  related  to  the  Indicated 
airspeed  of  ejection  (the  aerodynamic  pressure,  or  ram  pressure,  or  force  "q"  varies  with 
the  square  of  the  velocity)  and  inversely  related  to  the  altitude  (the  aerodynamic  pres* 
sure  increases  proportionally  to  the  increase  of  density  ratio,  that  is  it  is  increasing 
as  the  altitude  of  escape  decreases). 


Spinning  and  tumbling 


Following  ejection,  rotation  of  the  seat  or  occupant  can  take  place  during  two  phases 
of  the  escape  sequence.  On  leaving  the  aircraft,  the  seat  together  with  its  occupant  nay 
undergo  a head-ovtr-heela  motion  at  rates  of  up  to  180  rev/min.  Tumbling  can  also  occur 
during  free  fall,  usually  taking  the  fora  of  a flat  spin.  This  is  initiated  by  any  slight 
asymmetry  in  distribution  of  the  aerodynamic  loads  and  can  then  build  up  rapidly  to  very 
high  rates.  For  a given  indicated  airepeed  tumbling  rates  increase  with  altitude,  and  are 
inversely  proportional  to  the  square  root  of  the  density  ratio. 

The  effects  produced  depend  upon  where  the  centre  of  rotation  lies  in  the  body,  vary* 
ing  combinations  of  positive  and  negative  G thus  resulting.  Pooling  of  blood  in  the  head, 
in  the  feet  or,  if  the  centre  of  rotation  passes  through  the  heart,  in  both  the  head  and 
the  feet  at  the  same  time  are  all  potential  results.  Rates  of  tumbling  between  180  and 
240  rev/min  may  result  in  forces  in  excess  of  - 30  G at  head  level  (EBELBERG  at  al. , 1954, 
6).  Human  tolerance  is  dictated  by  nausea  and,  at  higher  rates  of  spin,  by  the  centri* 
fugal  fluid  shifts  and  by  lose  of  consciousness.  With  the  heart  at  the  centra  of  rotation, 
a human  subject  lying  on  his  side  is  rendered  unconscious  after  between  10  and  12  sec.  at 
160  rev/min.  (WEISS  et  al. , 1954,  30).  Under  the  same  conditions,  2C0  rev/min.  has  proved 
fatal  to  animal  subjects  in  2 min.  (EDELBERG  et  al.,  1954,  6). 

Stabilisation  can  be  ensured  by  the  use  of  e small  drogue  to  orientate  either  the  man 
or  the  seat,  reduce  the  speed  and  lower  the  rate  of  spin,  in  order  to  reduce  the  riek  of 
rotation  which  may  occur  around  tnree  bodily  axes  particularly  If  an  initial  rotating 
force  ie  applied,  and  in  order  to  reduce  the  relative  effects  which  ccnoiet  in  petechial 
eubcutanenuo  and  subjunctival  haemorrhages,  diffueeu  oedema,  mechanical  cersbral  damage 
with  lose  of  consciousness,  and  further  violent  dielocation  of  the  limbs  not  restrained. 

The  time  at  which  this  stabilisation  system  is  deployed  is  critical  ; if  too  early 
the  opening  shock  may  exceed  human  tolerance,  if  too  late  the  spinning  may  already  be  too 
firmly  established.  It  is  also  Important  that  spinning  should  be  controlled  before  de- 
ployment of  the  mein  parachute  in  order  that  the  body  should  be  in  the  best  attitude  to 
rocelve  the  parachute  opening  shock.  If  the  body  in  unstable  at  this  time,  it  is  possible 
for  a sudden  snatch  to  occur  and  for  very  high  angular  accelerations  to  be  lapossd  on  the 
man,  with  consequent  possible  injuries  also  at  spine  level. 

In  fact,  besides  the  considerable  acceleration-ejection  jolt  buttooks-head,  the  succes 
sive  chest-back  deceleration  due  to  the  air  Impact  and  the  wind  drag,  and  at  last  ths  aero- 
dynamic pressure  of  windblast,  ths  body  of  ejected  pilot  may  be  subjected  to  further  acce- 
leration forces,  sometimes  also  very  complex  ones,  due  to  the  particular  - often  abnoiaal- 
attitudes  of  aircraft  before  escape,  which  act  in  variable  directions.  The  resultant  of 
ths  various  effects  of  these  multiple  vectors,  combined  with  the  first  mors  important 


vector  duj  to  aoceleretion-ejection  jolt,  can  represent  - at  very  high  speeds  of  aircraft- 
an  acceleration  factor  which  may  even  be  considerably  superior  to  20-22  G and,  therefore, 
to  ths  average  vertebral  break  load. 

This  resulting  force,  especially  if  ths  body's  attitude  is  not  correct,  could  set  on 
the  spine  with  an  inclination  angle  of  even  more  than  45°  ; thiB  angle  would  then  become 
more  and  more  acute  ae  ths  seat  tumbles  during  fall  so  that  a peak  of  compression  on  ver- 
tebrae and,  therefore,  the  possibility  of  vertebral  fractures  may  occur  also  in  the  phase 
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immediately  following  the  actual  ejection. 

In  tha  praaant  survey,  howavar,  wa  could  find  no  caaa  of  injuries  certainly  and 
exclusively  due  to  spinning  and  tumbling  during  free  fall  following  ejection. 

Sous  cases  of  contusive  injuries  (petechial  facial  and  oubjunctival  haemorrhages, 
chest  contusions  with  costal  fractures,  and  so  on)  were  found  and  described,  but  for  the 
reasons  previously  explained  these  injuries  are  likely  to  be  ascribed  to  the  direct  dy- 
namic pressure  on  the  body,  that  is  the  impact  with  relative  wind  ; whilst  in  the  first 
4 cases  listed  in  Table  I,  in  which  the  subjects  sustained  single  or  multiple  vertebral 
fractures,  these  trauaatic  injuries  were  certainly  caused  by  initial  acceleration  - 
ejection  jolt. 

PREVENTION  FROM  WINDBLAST  INJURIES. 

Besides  by  means  of  careful  and  preventive  training  of  Jet-fighter  pilots  to  assume 
and  maintain  the  most  suitable  and  correct  positions  of  body  and  spine  during  the  critical 
phases  of  escape,  also  in  the  field  of  the  designing  and  use  of  the  aircrafts  and  the  re* 
latlve  flying  equipment  measures  can  be  taken  to  prevent  and  reduce  the  injuries  due  to 
ejection. 

Before  all,  the  initial  hazard  in  the  sequence  of  escape  from  an  aircraft  is  incurred 
when  the  canopy  is  Jettisoned,  since  even  at  moderate  speeds  aerodynamic  forces  can  thrust 
a released  canopy  violently  into  the  cockpit.  A well  designed  canopy  should  therefore 
have  e'rodynamic  characteristics  which  ensure  its  being  lifted  well  away  from  the  cabin 
and  aircraft  structure  when  jottiooned  in  flight. 

The  structural  and  functional  features  of  ejection  seats,  wMch  are  necessary  to 
prevent  the  vertebral  fractures  due  to  acceleration-ejection  jolt,  are  already  wall  known: 
to  them,  and  particularly  to  the  type  of  propulsion  employed  for  ejection,  that  is  blast 
charge  and/or  rocket,  many  factors  (number  of  G,  duration  of  exposure  to  acceleration  - 
jolt,  acceleration  gradient,  and  so  on)  are  related  especially  for  tha  incidence  of  verte 
bial  fractures  due  to  ejection.  But  this  Incidence  may  be  affected  aleo  by  other  factors, 
often  voluntarily  valuable  or  adjustable,  as  : 

a)  functional  factors  of  use  (right  regulation  of  the  height  of  sent  back  according  to 
individual  size,  particularly  the  height  of  torso  and  the  toreo/limbe  ratio  ; impro* 
vement  of  restraining  straps,  foot-rest  and  head-rest  ; suitabi.e  location  of  eaer* 
gency  handle  of  the  ejection  device,  and  so  on)  ; 

b)  occasional  factors,  namely  speed,  altitude  and  attitude  of  aircraft  at  tha  time  of 
ejection  ; 

c)  individual  factors,  namely  body  height  and  toreo/limbe  ratio  of  subject,  body  weight/ 
ejection  Jolt  ratio,  position  and  attitude  of  head  and  toreo  during  ejection,  and  so 
on. 

As  regards  particularly  the  reduction  of  lethality  and  the  prevention  of  injuries 
due  to  windblaet  and  to  various  factors  connected  with  it  (rapid  deceleration  for  wind 
drag  ; direct  aerodynamic  pressure  on  the  body,  and  flailing  of  heal  and  limbs  ; tumbling 
and  spinning  of  the  body  during  the  following  free  fall),  the  means  which  could  be  ulte- 
riorly  studied  and  improved  are  the  following  ones  : 

1)  a simple  and  effective  syetem  of  automatic  retaining,  restraining  and  blocking  of 
limbs  at  the  moment  of  ejection  in  order  to  avoid  their  flailing,  with  automatic  re* 
leasing  at  the  moment  of  separation  ; 

2)  an  effective  system  of  stabilisation  of  the  man/seat  complex,  deploying  after  ejection 
and  before  separation,  in  order  to  reduce  the  airspeed,  the  rotations  and  the  tumbling; 

3)  an  automatic  separation  system  raan/seat,  acting  in  a subsequent  phase  of  ejection,  in 
order  to  reduce  the  incidence  of  the  consequences  of  unsuccessful  ssparation  (impact 
of  body  parts  against  the  structures  of  seat,  entanglement  of  parachute  into  seat, 
and  so  on)  ; 

4)  a zero -lanyard  and  an  automatic  timer,  which  automatic  releasing  of  Harness  and  open* 
ing  of  parachute  after  deceleration  and  stabilisation  of  seat  ; 

5)  e system  of  sure  opening  and  rapid  deployment  of  parachute  canopy. 

By  means  of  the  combined  use  and  further  improvement  of  these  systems,  and  of  the  ca 
refui  clinical  and  medico-legal  study  of  injuries  due  to  ejection  and  the  dynamics  of 
their  production,  it  will  be  possible  to  achieve  rapid  and  considerable  further  results 
in  the  field  of  flight  safety  foi  the  purpose  of  preventing  these  typical  occupational 
injuries  and  reducing  their  harmfulnese,  which  is  still  quite  high  in  Aviation  accident 
patnology. 
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SUMMARY 


During  the  period  1966-1974  Injuries  were  significant  problems  in  ejections 
from  Canadian  Forces  (CF)  aircraft.  There  were  ninety  non-fatal  ejections. 

Of  these,  eight  crew-members  escaped  free  from  injuries,  sixty-three  received 
minor  injuries,  and  nineteen  received  serious  injuries.  An  analysis  of  the 
injury  patterns  indicates  that  they  occurred  at  both  low  and  high  speeds. 
Specific  problems  are  addressed  and  recommendations  are  made  to  enhance  aircrew 
safety  during  ejection. 


INTRODUCTION 


The  purpose  of  this  paper  is  to  report  on  the  injuries  experienced  by  CF  aircrew  relevant  to  wind- 
blast  during  ejection,  and  to  make  reconwendations  aimed  at  the  prevention  of  injuries  in  future  ejections. 

Many  analyses  (1,  2,  3 & 4)  have  been  conducted  over  the  years  in  an  attempt  to  identify  conditions 
that  cause  or  contribute  to  injury  in  ejection  from  jet  aircraft.  These  analyses  have  been  instrumental 
in  identifying  escape-system  modifications  that  would  enhance  aircrew  safety  when  crewmen  are  forced  to 
use  the  last  means  available  to  them  for  survival. 

The  CF  has  recorded  ninety  non-fatal  ejections  from  1966  through  1974.  Of  these,  eight  crew-members 
escaped  free  from  injuries,  sixty-three  received  minor  injuries  and  nineteen  received  serious  injuries. 
There  were  ten  fatalities,  but  these  are  not  relevant  to  this  paper. 

TABLE  I 

NON-FATAL  EJECTION  STATISTICS  1966-1974  - TOTAL  » 90 


AVERAGE 
Q FORCE  (PSI) 

NO.  OF  EJECTIONS 

INJURIES 

NIL 

MINOR 

SERIOUS 

.56 

23 

3 

15 

5 

1.3 

26 

3 

17 

6 

2.4 

14 

12 

2 

4.5 

6 

4 

2 

7.5 

4 

2 

2 

Unknown 

17 

2 

13 

2 

TOTALS 

90 

8 

63 

19 

DEFINITION  OF  SERIOUS  AND  MINOR  INJURIES  (5) 

For  the  purposes  of  this  paper,  a serious  injury  is  defined  as  any  injury  which: 

1.  requires  hospitalization  for  more  than  48  hours  within  seven  days  of  the  accident; 

2.  results  in  a fracture  (except  simple  fracture  of  fingers,  nose  or  toes); 

3.  involves  severe  hemorrhages  due  to  lacerations,  and/or  severe  nerve,  muscle,  or  tendon  damage; 

4.  injuries  to  an  internal  organ;  or 

5.  produces  second  or  third  degree  burns  over  more  than  5%  of  the  boay. 

A minor  injury  is  defined  as  any  injury  which  does  not  meet  the  criteria  for  serious  injury. 

TABLE  II 

MINOR  INJURIES  - TOTAL  * 63 


: 


! 


1 

t 


i 

t 


1 

) 


AVERAGE 
Q FORCE  (PSI) 

NO.  OF  EJECTIONS 

TYPE  OF  INJURY 

.56 

15 

Facial 

1.3 

17 

Facial 

2.4 

12 

Facial 

4.5 

4 

Facial/Muscular  Aches 

7.5 

2 

Facial/Muscular  Aches 

Unknown 

13 

Facial 

From  Table  II  our  data  disclose  that: 

a.  minor  Injuries  are  experienced  through  all  recorded  ranges  of  Q Forces;  and 

b.  the  predominant  minor  Injuries  were  facial,  l.e.,  cut  noses,  lips,  foreheads  and  muscular  aches 
Including  non-specific  pain  with  soreness  behind  the  legs. 

Detailed  Investigation  of  each  ejection  has  revealed  that  the  following  six  factors  coulo  contribute 
to  minor  Injury  and  that  wlndblast  was  not  the  sole  factor  causing  minor  injury: 

i.  Certain  equipment  was  not  used  or  fastened  properly,  i.e.,  loose  restraint  systems  and/or  loose 
parachute  harness.  For  example,  and  I quote:  "When  my  parachute  opened,  the  Quick  Release  Box 
(QRB)  moved  up  over  my  chest  and  struck  me  a severe  blow  on  the  chin".  An  investigation 
revealed  that  his  parachute  did  not  fit  him  properly. 

b.  The  failure  to  use  visors.  For  example,  another  quote:  "My  visor  was  up  at  the  moment  when  the 
birds  smashed  through  the  canopy".  The  pilot  had  facial  i.. juries  from  the  bird  and  canopy 
debris. 

c.  The  absence  of  a negative  "6"  strap.  Quote:  "I  was  in  a negative  "G“  situation  and  was  being 

forced  upwards  with  the  result  I had  difficulty  reaching  down  for  the  D-ring". 

d.  A less  than  satisfactory  oxygen-mask  suspension  system  which  contributed  to  facial  Injuries. 
Quote:  "The  windblast  seemed  quite  severe;  my  helmet  came  off  and  the  next  thing  I *olt  was 
the  chute  opening  and  blood  running  down  my  face".  Medical  examination  revealed  that  the 
pilot's  face  was  cut  by  the  oxygen-mask  suspension  system. 

e.  The  design  of  our  ejection  seats  requires  that  the  user  reach  (and  look)  down  and  grasp 

ejection  seat  handles  or  D-rings.  This  posture  enhances  the  chances  of  injury  by  placing  the 

body,  particularly  the  head  and  neck  in  an  awkward  position. 

f.  The  ejectees  had  Insufficient  time  to  position  themselves  properly  prior  to  ejection.  Their 
immediate  concern  was  to  get  out  of  the  aircraft. 

In  addition,  it  must  be  recogni2ed  that  some  causes  of  minor  Injuries  remain  obscure  because  the 
investigating  medical  officers  may  have  had  a problem  In  determining  in  what  phase  of  the  ejection  sequence 
the  Injury  occurred,  i.e.,  during  egress/windblast,  tumbling,  parachute  opening  shock  or  landing. 

TABLE  III 

SERIOUS  INJURY  - TOTAL  » 19 


AVERAGE 
Q FORCE  (PSI) 


NO.  OF  EJECTIONS 


TYPE  OF  INJURY 


.56 

5 

Contusion  to  kidnev 
Compression  fracture  T-10,  T-12 
Compression  fracture  T-4,  T-6 
Fractured  ribs/tom  bladder 
Burns 

1.3 

6 

Fractured  skull 

Compression  fracture  T-ll,  T-12 
Compression  fracture  T-12,  L-l 
Compression  fracture  T-10,  T-ll 
Compression  fracture  T-8 
Compression  fracture  D-9,  10,  11,  12 

2.4 

2 

Compression  fracture  T-8 
Burns 

4.5 

2 

Compression  fracture  T-12,  L-2, 
fracture  upper  arm,  broken  ribs 
Compression  fracture  L-l 

7.5 

2 

Burns 

Bums 

Unknown 

2 

Compression  fracture  T-ll 
Compression  fracture  T-10,  T-ll 

From  Table  III  our  data  disclose  that: 

a.  serious  injuries,  like  minor  injuries,  are  experienced  through  all  recorded  ranges  of  Q Forces 
and  surprisingly,  there  is  little  difference  in  type  of  injury  In  the  higher  Q Forces;  and 


b.  thirteen  of  the  nineteen  (681)  serious  Injuries  occurred  at  a Q Force  less  than  4.5  psi . 


B4-3 


In  addition,  detailed  investigation  of  each  accident  indicates  that  except  for  the  bum  injuries, 
the  ejectees  were  poorly  positioned  at  the  time  of  ejection  or  Interrupted  the  r.ian/seat  separation  process 
by  holding  onto  the  ejection  seat  handles,  or  flailing  as  a result  of  wlndblast.  For  example: 

a.  "Q  Forces  .56  psl".  Quote:  “I  saw  the  houses  ahead  and  pulled  back  on  the  stick  as  I pulled 
the  alternate  handle.  There  was  a second  delay  and  I thought  the  seat  hadn't  fired.  I 
reached  for  the  control  column  and  the  next  thing  I was  conscious  of  was  falling  toward  the 
ground".  He  suffered  compression  damage  to  T-10,  T-12. 

b.  “Q  Forces  2.4  psl".  Quote:  "l  told  the  Major  I was  going  to  eject.  I leaned  slightly  for- 
ward to  grasp  the  D-ring  with  both  hands  and  sat  upright  as  I pulled.  In  retrospect,  1 
believe  I never  made  it  all  the  way  back  to  the  upright  position".  He  suffered  compression 
fracture  T-7  and  T-8. 

c.  "Q  Forces  4.5  psi".  Quote  of  the  medical  member's  statement.  "The  pilot  was  uncertain  of 
his  position  at  the  time  of  ejection.  He  believes  he  may  have  been  looking  over  his  left 
shoulder  and  down  when  he  pulled  the  D-ring  with  his  left  hand.  His  poor  position  in  the 
ejection  seat  combined  with  wlndblast  results  in  the  ejectee  receiving  a fractured  right  arm, 
two  broken  ribs  and  compression  fracture  T-12,  L-2". 


DISCUSSION 


Our  data  analysis  indicate  that  the  effects  of  windblast  are  primarily  minor  facial  injuries. 

There  is  little  evidence  of  fla<l  injury,  however,  in  our  opinion,  this  is  related  to  peacetime  flying 
when  aircrew  manage  to  lower  the  speed  of  the  aircraft  prior  to  ejection.  Conversely,  it  is  postulated 
that  there  would  be  an  Increase  in  injuries  from  windblast  in  time  of  hostility  due  to  higher  speeds  and 
uncontrollable  situations.  This  postulate  is  based  on  the  ejection  experience  of  the  United  States  Navy 
in  Southeast  Asia  (6). 

It  is  perplexing  to  those  involved  with  the  design  of  escape  equipment  to  learn  that  one  pilot 
may  eject  at  a speed  in  excess  of  300  knots  and  escape  relatively  free  from  injuries,  whereas  another 
may  eject  under  similar  circumstances  and  suffer  serious  injuries.  Fifty-five  percent  of  CF  eject. ons 
studied  occurred  at  less  than  300  knots  and  seventy  percent  at  less  than  400  knots. 

This  study  of  each  ejection  Indicated  that  where  maximum  use  was  made  of  the  restraint  system 
and  the  time  available  to  prepare  for  ejection,  the  ejectee  decreased  his  chances  of  serious  injuries. 
Furthermore,  the  types  of  serious  injuries  illustrated  In  Table  III  indicate  that  the  position  of  the 
aircrew  prior  to  ejection  is  much  more  significant  than  windblast.  While  there  may  be  cause  for  concern 
over  the  potential  Injuries  as  a result  if  windblast  at  high  Q Forces,  our  experience  has  been  that  these 
injuries  have  been  minor  in  nature  and  were  similar  at  all  Q Forces.  Thus,  although  windblast  has  major 
injury  potential,  our  evidence  points  to  the  inadequacy  of  helmets,  restraint  systems  or  lack  of  position- 
ing devices  as  major  factors  resulting  in  serious  injuries  during  ejection. 

The  nigh  incidence  of  facial  injuries  is  In  our  opinion  unacceptable.  There  are  helmets  avail- 
able that  will  provide  facial  protection.  However,  except  in  special  applications,  the  expense  and 
trade-offs,  such  as  visual  restrictions  and  weight  of  these  helmets,  exclude  them  as  an  item  in  the 
aircrew  personal  clothing  inventory. 

The  number  of  aircrew  receiving  serious  Injuries  Is  equally  disturbing.  True,  the  design  and 
production  of  ejection  seats  is  complex  and  expensive.  Nevertheless,  to  protect  our  aircrew  the  ejection 
seats  should  have  better  leg  restraints,  and  especially,  arm  and  head  restraints.  The  additional  cost 
would  be  trivial. 

Because  we  have  very  few  ejections,  it  is  possible  that  our  aircrew  become  complacent  about  their 
escape  equipment.  Aircrew  should  be  (and  In  most  Instances  are)  kept  Informed  of  the  merits  of  their 
escape  equipment,  particularly  the  action  they  can  take  to  enhance  their  chances  of  an  injury-free 
ejection.  But  In  addition  to  this  there  should  he  a greater  emphasis  or.  the  periodic  use  of  the  ejection 
seat  trainer. 

Our  data  indicate  that  the  oresent  ejection  seat  equipment  will  perform  reasonably  well  thouqh 
with  some  risk  of  Injuries.  The  threat  of  injuries  is  compounded  in  times  of  hostility  when  a crew- 
member may  be  concerned  with  escape  and  evasion  following  a parachute  landing.  The  ultimate  prevention 
of  Injuries  during  ejection  is  the  elimination  of  the  need  for  ejection.  Until  this  is  achieved,  however, 
we  must  be  concerned  with  the  protection  of  the  man  tc  the  very  best  of  our  ability. 

CONCLUSION 


The  problem  of  aircrew  receiving  Injuries  from  wlndblast  during  ejection  may  never  be  fully  re- 
solved. However,  the  provision  of  improved  helmet  equipment  and  restraint  systems  combined  with  an 
education  program  on  all  aspects  of  ejection,  can  qreatly  enhance  the  possibility  of  escaping  injury  on 
ejection. 

RECOMMENDATIONS 


Based  on  the  CF  Accident  Statistics  Relevant  to  Wlndblast,  it  is  recommended  that: 

a.  helmet  designers  and  manufacturers  produce  a helmet  that  will  provide  facial  protection  but 
not  at  the  expense  of  other  requirements; 

b.  ejection  seats  have  not  only  leg  but  arm  and  head  restraints;  and 
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c.  responsible  authorities  ensure  that  aircrew  are  kept  fully  Infortnei  on  all  aspects  of  ejection 
with  emphasis  on  the  use  of  the  ejection  seat  trainer. 
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The  patho-phyeiolafcical  effects  of  wind  blaat  resulting  frou.  conventional  and  nuclear  explosion*  ars 
analysed  and  related  to  tha  af facta  of  wind  blaat  encountered  la  hlgh-apeed  aircraft  # jecticma  aad  la  air- 
borne aircraft  break-up,  and  to  caw  lactanoaa  of  ground  impact.  Zt  is  suggested  that  data  derived  from 
atudiec  of  explosive  blast  a f facta  cay  ecu  tribute  to  the  analysis  of  airoraft  aocidanta , aad  to  tbs 
development  of  protactiva  equipment  for  tha  crews  of  high  parforaaacr  airoraft. 
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Zt  wy  aaaa  at  first  sight  that  a prasaatatioa  of  the  pa tho- physiological  affects  of  blast  from 
explosion  has  ao  place  is  as  exchange  of  iaformatioi  ometnad  with  tha  problaa  of  aaeapa  fros  airoraft. 
Oh  reflection,  however,  It  will  ha  appreciated  that  the  wind  velocitiaa  whioh  say  be  eacounterwd  by  air- 
crew who  are  forced  to  eject  fros  current  high  spaed  airoraft  any  bo  a a great  or  greater  than  those  whioh 
are  known  to  cause  lethal  or  sub-lethal  injuries  in  explosive  blast.  Also  that  the  various  subsidiary 
effects  of  explosive  blast  can  bo  identified  with  aisllar  effects  occurring  in  airborne  high  gpeed  escape 
or  during  airborne  break-up  of  high  performance  aircraft. 

An  understanding  of  the  pa  tho- physiology  re  exiting  free  explosions  in  air  nay  therefore  sen  tribute 
to  tha  analysis  of  injury  sustained  in  certain  airoraft  accidents,  and  hence  to  the  development  of 
protective  aeaauree. 

In  panning  it  is  worthy  of  not#  that  tbs  affects  of  wind  blast  can  be  effeotively  edaulated  by  the 
use  of  shock  tubes  or  were  by  exposure  to  water  drag  at  appropriately  lower  velocities  (fryer  1961) , 
in  the  saw  way  that  underwater  blast  effects  can  be  accurately  reproduced  in  aniaals  by  exposing  than 
to  water  'slugs'  of  brief  duration  from  high-powered  water  cannon.  Hence  the  field  for  axpe risen to ti on 
in  blast  effects  recoins  open  and. offers  o rather  wide  variety  of  techniques. 
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Blest  is  a general  tors  used  to  convoy  the  effect  produced  whan  an  explosive  is  detonated  in  any 
aediua.  Hlaat-prcduced  injury  implies  those  detrimental  changes  occurring  in  an  organise  whilst  it  is 
being  subjected  to  the  pressure  field  produced  by  an  explosion,  whether  such  changes  are  produced  directly 
or  indirectly  by  the  explosive  phenomena. 

This  article  examines  briefly  the  physical  sad  pc  tho- physiol  agioal  effects  of  blast  resulting  fros 
detonations  in  air.  Air  blast  in  further  sub-divided  into  blaat  fros  conventional  and  Stem  nuclear 
explosion. 
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Detonation  produces  a high-speed  chesdcal  decoapoeitian  of  s solid  or  liquid  explosive  into  gas. 

Alsost  instantaneously  tha  space  previously  occupied  by  tha  explosive  Is  filled  with  gas  sad  there  is 
release  of  large  anounte  of  thernal  energy.  The  hot  geseous  products  develop  a very  high  pressure  which 
is  tr an  salt ted  to  the  surrounding  aediua  aad  propagated  in  all  lirecticue  as  a shook  wave,  travelling  at 
about  the  speed  of  sound.  Typically  this  ii  a steep- fronted  tave  rising  in  a few  alcroaeocada  and 
decaying  over  a period  of  mlUlstcoad*,  depending  upon  the  a shire  of  the  explosive  end  the  aediua  whioh 
surrounds  it.  These  also  dr ta mine  the  character  of  the  shock  puls#  and  the  subsequent  phenomena. 

AmOBZOWa  n»  AIB  - See  Table  1 

These  result  in: 

i.  A pressure  pulse  which  eaanstes  radially  froa  an  explosive  aouice  at  tbs  speed  of  sound  la  sir. 

2«  A negative  pressure  coop  orient  1 mediately  following  tha  prssnure  rise. 

3.  High  transient  winds  which  accompany  the  pressure  variations  sad  whose  direction  uay  he  either 
punitive  or  negative  with  reepeot  to  the  explosive  source. 

h.  Other  effect#  such  as  fire  aad  ground  Shook  whioh  are  sajor  contributions  to  the  explosive  damage. 

A pressure  gauge  sideways-on  to  a conventional  or  aucloar  explosion  will  record  pressures  that  rise 
almost  lnstastsneonsly  to  a saxlsua  and  then  decay  exp cuenti ally  with  time  to  reach  a minimus  which  is 
leas  than  the  previous  ssMnat  pressure.  The  tine  constant  is  a function  of  the  type  of  explosion  and 
the  range  trem  the  point  .>/  detonation.  for  conventional  explosives  an  overpressure  of  100  pel  nay  he 
associated  with  duration  of  JJ  a sec.  and  10  n sec.  for  charge ■ of  50  and  b ,000  pounds  respectively.  In 
o entreat  for  yields  of  1 kilotoa  the  pulse  duration  is  of  the  order  of  100  m*o. , and  for  1 saga  ton  of 
the  order  of  i see.  this  is  highly  significant  when  considering  blast  affects  for  whereas  a conventional 
explosive  pulse  travelling  at  1000  ft. /sec.  will  pass  a given  point  la  1 nsec. , no  that  the  pressure  pulse 
is  1 ft.  in  length,  that  fros  a kilo-ton  explosion  night  take  100  nsec,  to  pass  the  ease  paint,  representing 
s pulse  100  ft.  in  length.  Ho  that  an  object  in  the  path  of  the  shock  wave  would  be  subjected  to  a high 
pressure  squeese  over  a considerable  period  of  tine. 

Tha  duration  characteristics  also  govern  the  displaceusat  ( 'translation')  of  objects  by  blast  winds. 
Abort  duration  overpressures  are  accompanied  by  winds  of  A art  duration  sad  tha  period  that  tha  blast 
winds  have  to  accelerata  an  object  is  such  shorter  than  is  the  esse  for  long  duration  pressures  and  winds, 
la  the  latter  case  such  higher  displacement  velocitiaa  on  likely  to  be  attained. 


* This  paper  was  not  presented  at  the  Specialist  Meeting,  but  is  included  in  the  Proceedings  for  reference. 
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Table  1 relates  wind  velocities  to  the  dynamic  pressures  which  they  exert  vpoa  an  ofcjeot  la  thair 
path.  It  will  ba  no tad  that  aa  over-pressure  of  over  16  pal  nay  ba  axartad  on  aircrew  f oread  to  eject 
at  >tech  1 at  low  level,  and  It  ia  conceivable  that  area  greater  wind  velocities  cow  Id  ba  encountered 
during  ejection  froa  currant  high  performance  aircraft  at  some  altitudes.  The  lower  wind  vwloc.tiea 
nay  not  aaaa  vary  alarming  but  it  -a  instructive  to  realise  that  a hurricane  of  120  aph  exerts  a rtjmarl  n 
pressure  of  only  0.25  pwi , which  ae^hasisas  the  destructiveness  of  eoaparatively  low  wind  over-pressnrea. 

BLAST  PBCOOCO  fljMB 

The  biological  affects  cf  blast  are  custaaarily  divided  into> 

1.  Priaary  - due  to  sudden  variation  in  local  pressure. 

2.  Secondary  - associated  with  the  iapaet  of  debris  energised  by  blast,  shock , over-pressure, 
blast  winds  and  often  gravity. 

3.  Tertiary  - comprising  injuries  resulting  frea  gross  body  displacement  ( ' translation ' ). 

4.  Miscellaneous  or  indirect,  eg  thersal  injuries  resulting  froa  fires  initiated  by  hot  genes  or 
daaage  to  structures  and  sate rial. 

All  these  aspects  are  of  equal  lap  or  tacos  to  aedical  organisations  but  this  abort  article  will  deal 
only  with  the  direct  effects.  Zt  will  szsaine: 

(a)  the  nature  of  hlaat-produced  injuries. 

(b)  development  of  criteria  for  predicting  different  levels  of  biological  responsea. 

(c ) application  of  these  criteria  to  nuclear  explosions. 

It  will  also  indicate  how  these  factors  nay  be  related  to  aircraft  wind  blnat  effects. 
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Priaary  affects  have  been  defined  above  as  those  due  to  sudden  variation  in  local  pressure , and  are 
wscribed  to  'the  pressure  pulse  which  enasates  radially  fr os  as  explosive  source  st  the  spaed  of  sound 
in  air'.  We  have  already  noted  that  the  wind  velocity  encountered  in  n high-speed  air  ejeetice  nay  well 
be  that  of  the  speed  of  sound  in  air  and  hence  the  effect#  of  the  sudden  over-pressure  nay  ba  expeoted 
to  readable  those  produced  by  the  shock  wave  froa  aa  explosion.  I cannot  cl  ala,  however,  to  possess 
evidence  to  ccaflm  this  possibility.  There  say,  however,  be  acme  present  with  wore  recent  and 
detailed  experience  of  high  speed  ejection  who  are  able  to  evaluate  this  point. 

Topically  daaage  resulting  froa  e sadden  variation  in  eaviransentsl  pressure  due  to  explosions 
produces  lesions  at  or  near  the  interface  between  tissues  of  different  densities.  Air  containing 
organs  are  especially  affected  end  the  mechani*  of  injury  say  ba  that  ease  tinea  referred  to  as 
"Spalling’' , an  a f foot  produced  when  e shook  wave  travelling  through  one  nediua  reaches  as  inter  face  with 
another  in  which  the  speed  of  sound  ia  substantially  lower.  In  underwater  explosions  the  shock  wave 
travailing  through  the  water  st  approximately  1450  m/moc  traverses  uni spa dad  through  the  tissues,  but 
there  la  s negative  reflection  at  the  Interface  with  aa  air-can  taiaing  cavity  across  whloh  the  shock 
wave  velocity  will  ba  substantially  lower  (about  i/5th) , resulting  in  turbulence  end  disruption  of  the 
tissue  sediua.  Since  roughly  similar  effects  are  found  in  air  explosions  it  would  appear  that  the 
airborne  shock  wave  accelerates  whan  traversing  the  tissues  but  undergoes  n eiallar  negative  reflection 
when  it  encounters  an  air-containing  body  oavity. 

In  the  lunge  there  nay  be  aaesive  haemorrhage , e specially  sub-pleural,  rupture  of  alveoli  and  the 
formation  of  sub-pleural  bullae.  Air  escapes  into  the  circulation  and  travels  to  the  aedlsstlnua, 
thence  to  the  heart  and  anygos  systan  and  results  In  eabollaa  in  various  organs  of  the  body.  It  is 
likely  that  the  central  nervous  systan  symptoms  of  wide up read  brain  haemorrhages  observed  in  World  War  II 
blast  victims  who  had  no  external  injury  resulted  froa  sir  eabollaa.  Air  eebolisa  within  the  coronary 
arterial  aystaa  leads  to  myocardial  iaohaenia  end  perhaps  cardiac  failure,  a cause  of  early  demise  in 
oany  case*  of  exploeure  to  blast. 

Late  deaths  nay  result  from  pul  senary  insufficiency  due  partly  to  the  direct  effeota  of  the  over- 
pressure and  interstitial  harsorrhage,  partly  to  aultlple  nail  eubolic  foci  within  the  lungs  lending  to 
pulnonary  oedema.  Comparison  of  these  injuries  with  those  of  lethal  high  speed  ejections  would  be  noet 
instructive. 
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Secondary  ai saliva  produce  a variety  of  injury  including  lacerations,  contusions,  pens tr a ting 
wounds  and  frao turns,  depending  upon  tha  nans,  profile,  velocity  and  angle  of  ispnot  of  tha  adasiles  and 
the  ares  of  the  body  involved.  These  have  been  the  subject  of  extensive  studies  in  wound  ballistics 
laboratories.  Natural  sequelae  include  death  of  tlasue  consequent  upon  vascular  daMge  and'  serious 
infection,  particularly  where  saroua  cavities  are  pane tra ted.  tuoh  typical  secondary  effects  have  been 

observed  in  aircrew  when  atruok  bv  pieces  of  acrylic  froa  ruptured  canopies,  or  by  pisoes  of  structure 
in  air-to-air  ccllisans.  They  have  also  been  noted  la  vletlas  of  high  speed  aircraft  breakup. 
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Displacement  or  translation  of  the  body  nay  result  in  injury,  often  gross,  either  directly  due  to  the 
accelerations  inverted  by  blast  winds  or  indirectly  due  to  the  decelerations  resulting  tram  Impact  with 
other  fixed  or  coving  objects.  The  degree  of  injury,  of  course,  depends  upon  the  Mgnltude  of  tbs 
accelerative  or  daoelerative  f cross,  tha  Use  end  distances  over  which  they  act,  dupe,  area  sad  resistance 
of  lapact,  and  so  «n.  There  is  a good  deal  of  iaforaaUcu  in  the  literature  relating  to  qualification  of 
these  tertiary  effects,  mainly  emanating  from  tha  Lovelace  foundation , which  nay  well  bo  of  value  in 
attempting  to  determine  aircraft  velocities  where  aircrew  have  cane  into  colli  si  on  with  the  empennage  or 
other  structure,  or  with  fixed  objeeta  in  tha  event  of  ground  lqpaota. 
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Md^U«l  criteria  for  hlast  daaag e relate  levels  of  biological  response  to  levels  of  vnrlnticu 
in  th*  iaaediate  anvirtxiseat  and  nro  established  by  oUtmUco  at  the  aeaaa  of  actual  diaaatara,  by 
and  bau  expert  sent*  tin,  and  by  dart  ration  and  extrapoiatlce  froa  experience  of  ralatad 
olnuaastaaniis  aaeh  aa  aircraft  aaat  ejection.  Xa  tbla  way  a good  daal  of  laforaattca  baa  baaa  aoaaaad 
which  pa  mi  ia  roaaoaably  valid  predictions  to  ba  aada. 

pamm  blab?  mtata  - caa  table  2 

Prlaary  blaat  f — g-  ia  largely  a function  of  tba  oharaetar,  magnitudes  and  rata  of  praaanra  riao 
and  fall,  and  tba  duration  of  tha  praaaura  pulaa.  Far  classical  vara  term,  that  ia  to  nay  a ataap- 
frontad  wav*  ridng  in  a fav  dcroeecond*  and  decaying  exponentially  with  tiao  in  tha  eooraa  of  i - 
1,000  nilliaaoonda,  vary  aanll  orarpraaauraa  ara  haaardoua,  prerridad  that  tha  pulaa  duration  axeaad 
aoaa  niaiaun  which  ia  apaciaa  dapandant.  With  vary  larg*  ovar-praaauraa  tha  duration  baooaas  pro* 
gnsdvely  loan  critical , and  50*  lathality  (UVq)  plota  indioata  that  for  praaanraa  exceeding  100  pal 
a duration  of  10  naac.  will  exceed  tha  10^  for  aoat  apaciaa  whloh  hava  baan  a rani  nad. 
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(a)  Pcnwtratln*  Kiaallaa  . da#  Tabia  3 

Studies  of  tba  paaatratiao  of  a 10  ga.  glass  fragment  at  iapaot  ralooitiaa  of  up  to  300 
a./aac.  hava  baan  conducted  at  tba  Lovalaoa  foundation,  from  than#  obaarvaticna  pmdictiona 
hava  baan  nnda  far  glass  fragment*  ranging  from  0.3  ga.  to  2 ga.  nana,  with  iapaot  valoeitian 
of  30  - 300  a./nao.  An  would  ba  axpaotad,  panatraticn  ia  diraotly  ralatad  to  both  valooity 
and  naaa,  and  ia  agpnooad  in  tba  aquation. 

log  v . 2.3172  - log  (log  n ♦ 2.305*) 

♦ 0.48t2p 

waara  y ■ iapaot  velocity  in  ft./aao. 
a • naaa  of  fragment  in  gn. 
p • probability  of  panatration. 

Kara  again  than  aay  ba  a laaaon  to  ba  laarat  in  aircraft  aooidaat  aaalyala. 

(b)  Hon-oenetntln*  Wadies  - flaa  Tabia  * 

Although  blunt  lapacta  ovar  tba  haart,  livar  and  nplaan  any  prova  fatal  tba  aont  critical  ana 
for  lathality  in  tba  band  and  n good  daal  of  inforantioa  rain  ting  to  nmll  fracturing  load* 
and  inpnet  valooltiaa  ha*  baaa  aoaaaad  froa  atudlaa  dlnotad  at  tha  davnlcpnmt  of  protaotiva 

balaata. 

In  ganaral  thaaa  can  ba  auannrlaad  an  indicating  that  fractun  of  tba  unprotected  adult  Hunan  ahull 
will  raault  fren  iapaot  valooltiaa  exoaading  318  cn./aac. , avaraga  daoalanticna  axcaadiag  300  g. , or 
paak  dacalaratioua  axoaading  730  g.  If  tha  hand  ia  ngardad  an  having  an  avaraga  nann  of  10  lb*,  it 
follow*  that  iapaot  with  a 10  lb.  blunt  object  involving  thaaa  valoeitian  or  accelerations  will  raault 
in  ahull  fractun.  la  other  ward a ahull  fractun  will  raault  froa  a load  (fate*)  of  3i000  lb*,  (aana  x 
acceleration). 

TgmAjnr  blabt  pwcw  - s*e  Table  3 

Studies  of  inpacts  with  a bard  flat  surface  to  determine  U)^  valoeitian  in  aavarnl  aaasallan 
apaciaa  hava  baan  extrapolated  to  give 
an  ID,  of  *30  cn./aac.  and  LD^  of  9^5 

Thaaa  axtrapolatlann,  although  crude,  an  of  tba  order  of  tboaa  applicable  to  bead  injury,  and 
since  tba  latter  is  tha  aont  fn quant  determinant  of  translational  lethality  it  bn*  baan  suggested 
that  thane  figure®  aay  ba  taken  as  biological  criteria  for  tertiary  blast  affects.  However,  they  only 
apply  to  dlnot  iapaot  with  a rigid,  flat  surfaoe,  and  do  not  take  into  account  tba  tuahllng  which  is 
characteristic  of  bodies  displaced  by  blast  winds,  for  this  reason  it  is  now  generally  ocacadad  that 
tba  LD-q  threshold  for  tertiary  blast  affects  should  be  raised  by  at  least  3011.  The  latter  figure  ia 
probably  acre  nail  Stic  for  dollar  effects  ia  aircraft  accidents. 
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an  LD..  valooity  for  a Tv  kg. 
ce./aao. 


of  800  ca./seo. , or,  aay, 


It  ia  ay  inpnssian  that  cooperative  little  of  tha  foregoing  naterial  has  been  used  either  in  the 
interpntatiao  of  aircraft  accidents,  or  ia  the  logical  ds  miopia  act  of  protaotiva  aqnipmactt  designed 
to  oops  with  vary  high  speed  ejections,  (with  the  exception  of  the  deslip  of  orash  halos te).  It  saane 
likely  that  the  concept  of  Jattisaanbla  cabins  will  bacon*  non  and  non  tha  escape  vehicle  of  tha 
future , but  is  tha  pnaaat  financial  oliaat#  than  nr#  likely  to  bo  naay  nations  whloh  will  have  to 
coudder  tha  laast  expensive  crew  protective  devices  coop*  tibia  with  an  affective  air  da  fence  force 
and  a voat-effactive  approach  to  alrerev  loss  and  aircrew  training. 


Z believe  there  are  ueeful  leaecna  to  bo  learned  froa  tha  foregoing  end  if  tMn  briof  mxmurj 
auceeeda  la  atieulating  hh  thought  in  thio  direction  purpoee  will  have  boon  aocoapllehed. 
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this  preeentatlon  ia  derived  froa  ay  artlclo  ia  tha  Journal  of  tha  Sepal  Naval  Scientific 
Service , Voluaa  29,  So  3,  1974  which  waa  baaed  largely  upon  tha  work  of  the  Lovelace  foundation 
and  particularly  upon  the  air- hi net  data  borrowed  froa  papere  by  C S White,  Other  iaforwtica 
baa  bean  derived  froa  ey  own  work  on  the  deaiga  of  protective  kainate  and  on  aircraft  aaoape, 
and  alao  froa  a variety  of  papere  aaay  of  which  are  olaaaified  and  haaoe  cannot  be  referenced  here. 
However  X aa  confident  that  aaycan  wiahing  to  follow-up  tha  work  will  have  little  difficulty  In 
locating  further  iaforaation. 

ZABLS  1.  TABU  2. 


APPROXIMATE  RELATIONSHIP  BX3VXZM  DtNAKXO  PSESSHMC 
AND  WIND  VELOCITIES  CiLCDLAlED  FOR  SKA  LSVXL 
CONDITIONS  (adapted  froa  C 5 White) 


Max  orerpreaaure  in  par 

Wiad  velocity  in  aph 

0.02 

4o 

0.1 

70 

0.6 

160 

2 

290 

8 

470 

16 

670 

40 

940 

125 

1500 

TABLX  3. 


tannin  criteria  fob  sbccndart  bust  oners* 

(Adapted  fToa  White  at  al) 


Critical  organ 
or  event 

Belated  velocity  for 

lO-gn  glean  fragaent 

ft/aeo 

Sdn  laceration) 

Thre ahold 

50 

Seri cue  woundat* 

Threshold 

100 

50  percent 

180 

Hear  100  percent 

500 

TINT  ATI  VI  CRITERIA  70S  PSDUBX  BLABS  DTOCTS 
(Adapted  froa  White) 


Critical  organs 
or  event 

Belated 

aax-preaeure  (pal) 

Lung  danage  threehold 

15 

Lethality!  threshold 

30-42 

50* 

42-57 

95  - 100* 

58-80 

Eardrua  failure 

5 

SABLE  4. 

THE  RANGES  OF  IMPACT  VELOCITIES  ASSOCIATED  WISH 
JOtFEKDOMTAL  FRACTURE  OF  THE  HONAN  SCULL 
(Adapted  froa  White) 


iapaot 

velooltlea 

ft/aeo 

Approx. 

velocity 

in 

aph 

Approx, 
height 
of  fall 
in. 

Jhaaber 

of 

aubjeeta 

Ttactarag 

ia 

peroeat 

13.  5-14.9 

9.5 

37 

9 

19 

15-16.9 

10.9 

48 

10 

22 

17-18.9 

12.2 

61 

12 

26 

19-20.9 

13.6 

75 

11 

24 

21-22.9 

15.0 

91 

4 

9 

Total 

46 

100 

Niaiaua  velocity  with  fracture  - 13.3  ft/eec  (9.2  qph) 
hevisui  ••■luoiiy  with  fracture  - 22.8  ft/eec  (15.5  ^>h) 
Naziaua  velocity  without  fraotare  - uaetuted. 
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TABU  5. 

TDITAZZVX  CKXTSBXA  POB  7EBTIABT  BLAST  DTSCT8 
(Adapted  from  Whit*  at  ul) 


Critical  organ 
or  a rant 

Belated  lapact 
velocity 
ft/sac* 

Total  body  1 1 

Mostly  "aafa" 

10 

Lethality  thraahold 

20 

Lathallty  50  parcaat 

26 

Lethality  near- 100  percent 

30 

Skull  fTaoture: 

Mostly  "safe" 

10 

Threshold 

13 

50  percent 

18 

Near  100  percent 

23 
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LESIONS  OBSEBVEES  APRES  EJECTION  A GRANDE  VITESSE 
DANS  L'ARMEE  DE  L'AIR  KRANCAISE. 

pmr 

- L*  Midvein  en  Ch«f  R.P.  DELAHAYE 
Chef  du  Service  de  Radiologic 
Hflpital  EEGIN 

9*160  - St-MANDE  - FRANCE. 

- U Midecin  Principal  B.  VETTES 
Chef  de  la  Section  Biodynamiqu*  du 
Laboratoir*  de  Midecin*  Aeroapatlale 
Centre  d'Eseaia  en  Vol 

91220  - BRETIGNY-our-Org*  - FRANCE. 
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et  du  Labeeatuire  da  Midecin*  Airoapatial* 
91220  - BRETIGNY-aur-Orge  - FRANCE. 


HESUME 

L'atud*  prevent**  porte  aur  256  ejection*  dana  lea  Forcea  Aeriennea  Krangaieea, 
repartiea  entre  i960  at  197*  et  rialiaeea  A dea  viteaaea  compriae*  entre  0 et  750  noeuda. 

Lea  reaultata  atatiatiquea  globaux  donnant  1 

- <17  ejection*  aortellea  (18  S)  , 

- 209  " riuiaiea  (82  S)«  (1*  pilot*  arrlvant  vivant  au  aol  aana  tenir 

coapt*  dea  bleaaure*  eventuellea  qu'il  priaente). 

- lJO  caique*  (51  S)  et  30  maaquea  (15  ?*)  perdue  A l'ijaction. 

L'analyau  plua  dotailli*  dea  ejection*  effactueea  au-d*aaua  de  *00  noeuda 
(23  cia)  aontr*  qua  lea  effete  du  aouffle  apportent  une  accentuation  laportant*  dee  digit* 
cauaia  aux  peraonnela  et  aux  equipemant*  d*  tita.  1.*  pourcentage  dea  aorta  reat*  d*  18  %, 
mala  celui  dea  bleaaia  eat  d*  78  S contra  35  M dana  la  atatlatlqu*  giniral*  at  celui  de  la 
pert*  dea  equlpemanta  de  78  S pour  lea  caaquea  at  d*  <t0  % pour  lea  maaquea.  Dana  un  aeul 
cna,  1*  pilot*  eat  urrivi  lndamne  au  aol.  Lea  liaiona  rencontriea  vont  de  la  alaipl*  acchy- 
aoie  aux  arrachaman'.a  a*  membra*. 

Caa  donniea  correapondent  approximati veaent  A cellea  dea  atatiatiquea  dea 
Araiaea  da  l'Air  Etrungirea. 

Dana  bauucoup  d'accidanta,  il  n'eat  pea  toujoura  poaaible  d*  fairo  14  part 
entre  lea  liaiona  data  au  aouffle  proprement  dit  et  cellea  qul  ont  dea  cauaea  aaaociiea, 
voir*  inditemiaiea. 

Troia  caa  particuliera  apacialeaent  dimonatratifa  dea  effeta  du  aouffle  ae- 
ront  analyaaa  en  detail. 

INTRODUCTION 


L'ovacuation  d'un  avion  en  ditraas*  au  moyen  d'un  eiig*  ijectebl*  offr*  en- 
core d*  nombreux  danger*  et  angendr*  un  taux  non  nagligeabl*  d*  bleasurea  de  tout**  aor- 
tee.  II  eat  cleirauiant  damontre  qua  la  phaae  allant  da  1' ejection  propremant  dita  au 
diploieaiant  du  parachute  eat  da  loin  la  plua  delicate,  aource  d*  prAa  de  70  S dee  li- 
aiona.  La  vlteas*  au  nament  da  1 'abandon  d*  bord  eat  un*  ceua*  important*  dea  liaiona. 

En  effet  dia  *a  aortia  da  l'aaronef  I'enaambla  aiige-pilot#  va  a*  trouvir  placi  brua- 
quamant  dana  un  aiiliau  qui  aa  diplaca  par  rapport  A lui  A la  vitaaaa  relative  da  1 'avion 
au  moment  de  1 ' ivacuetion.  L'enaemble  ai Age-pi lota  eat  ainai  aoumia  A un*  fore*  qui  va 
diptndra  de  aa  forma,  da  aa  aurfac*  d'expoaition,  da  la  vitaaaa  at  da  la  m tail  apicifi- 
qua  da  l'air.  La  fore#  exirci*  par  catta  preaaion  dynaatiqua  eat  donni*  par  la  relation  : 

F a ifS  V*  CX 

P m miiai  apocifiqu*  da  l'air. 

S ■ aurface  du  mobile. 

V a vitaaaa  corrlge*. 
c 

Cx  ■ coefficient  de  trainee  (variable  avion  la  form*  da  l'objet). 

Lea  effete  eur  le  corpe  luunain  *u  court  de*  ivecuetiona  A jrenda  vitaaaa  eat 
**a*nti*ll*m*nt  dua  au  vent  relatlf.  En  d'autree  termos,  aeul*  coapt*  la  viteae*  corri- 
g«e  du  mobile. 
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Alnai  un«  fore*  conaidirabl*  paut  s'oxar car  pandant  un  taapa  ralativoaont 
court  aur  l'anaaabla  aiAga-pilots  at  occaai onnar  aur  1 ‘organism*  huaaln  aolt  diracta- 
aant  aolt  indlractaaant  daa  Uilcna  gravaa  voira  aortallaa.  Si  X'on  adaat  qua  Xa  aur- 
faca  du  cojpXa  siAga-pilot*  aat  voiain*  da  1 a*  at  qua  Xa  coafficiant  da  tralnA*  aat 
volain  da  1,  a una  vitaaaa  corrigA*  da  300  n»<uda  un  hoaaa  aur  aon  oiAga  aat  souala 
4 una  fore*  d'anviron  4.500  kg/a3.  Ura  taXXa  fore*  da  t.-alnA*  conduit  4 una  dAoAlAra- 
tion  axtrAaaaant  rapida  at  ai  pour  una  raiaon  ou  una  autra  un  aaabr*  aat  projatA  aur 
la  cdtA  du  ai4g*  Xa  aiapla  eaXeuX  noua  paraat  da  randra  coapta  da  l'aaplitud*  daa 
ebargaa  da  flaxion  appllqu4a  4 ca  aaabr*  at  d'axpXiquar  Xaa  l4aiona  aurranant. 

Noua  avona  affactu4  4 cot  affat  una  4tuda  portant  aur  236  A jactiona  rAali- 
a4aa  dana  Xaa  Porcaa  AAriarmaa  Pran  caiaaa  au  ■<iura  da  caa  qulnaa  darnilraa  ann4aa 
(1960-1974)  pour  daa  vitaaaaa  comprises  ontra  0 at  750  noauda. 

I - STATISTIQUlt  GENIRALC  - 

Laa  rAsultata  atatiatiquaa  globaux  donnant  1 

' 47  4j*ctiona  aortal!.#*  (anrlron  18  %) 

• 209  6 Jactiona  r4uaaiaa  (anviron  82  %) 

On  antand  par  Ajaction  rAuaaio  Xa  fait  qua  ia  piXota  arriva  vivant  au  aol 
aana  tanir  coapta  daa  bXaaauraa  Avantuallaa  qu'il  prAoont*.  Dana  notra  caa  caa  bloaau- 
reo,  do  natura  plua  ou  aolna  grava, apparalacant  dana  35#  daa  Ajactions. 

Laa  dAgAts  cauaAa  aux  Aquipamanta  aont  iaportanta  aurtout  an  ca  qui  conoarna 
l'onoomble  da  tAta,  c'aat  ainal  qua  130  foia  (31  #)  Xa  caaqua  a AtA  pardu  at  39  foia 
(15  S)  Xa  aarra-tAta  at  la  «aaqua  ont  AtA  arrachAa. 

Afin  da  dAtaralnar  laa  affata  du  aouffla  noua  avona  rapria  at  analyaA  plua  on 
dAtail  23  dosaiara  d'Ajactiona  affactuAaa  4 daa  vitaaaaa  Agalaa  o.  oupAriauraa  4 400 
noauda.  Laa  rAaultata  atatiatiquaa  globaux  indiquant  una  natta  aocantuation  daa  dAgata 
cauaAa  aux  paraonnala  at  aux  Aqulpaaanta  da  ttto.  Sur  23  A jactiona  il  y a 4 tuAa,  18 
blaaaaa  at  una  aaula  foia  Xa  pllota  aat  arrivA  lndaama  au  aol.  La  parta  daa  Aquipa- 
■anta  da  tAta  aat  lMportanta,  an  affat  Xa  caaqua  a AtA  pardu  18  fol-i,  Xa  aorro-tAta 
at  aiarqua  10  foia  bion  qu'il  no  aoit  abaoluaont  paa  poaaibla  da  raliar  diractaaant 
catta  parta  4 X ' iatportanca  da  la  vitaaaa. 

Da  tallaa  donnAaa  corraapondant  approriua tivowont  4 callaa  daa  atatiatiquaa 
•trangAraa.  La  pourcentaga  daa  Ajaotions  au-doaaua  da  400  noauda  (9  % dana  notra  ata- 
tiatiqua)  aat  capandont  lAgiraaant  aupAriaur  1 calui  rancontrA  dana  X'U.S.  Navy  at 
U.S.  Air-Fore*  an  taapa  da  palx  (6  % daa  Ajoctiona). 

II  - LKSIONS  UBSKRVEKS  •• 


L'Atudo  analytiqu*  aontr#  daa  lAaiona  tr4a  diffArantaa  antra  laa  abandon*  da 
bord  offoctuo*  a baa**  vitaaaa  at  caux  affoctuAa  4 tr4a  grand*  vitaaaa.  Laa  lAaiona 
obaarvaa*  lor*  daa  Ajoctiona  4 grand*  vitaaaa  aont  aouvant  cauaAa*  aoua  1* affat  da  Xa 
fore*  axar'-Ao  par  X*  vant  ralatif. 

Dana  baaucoup  d'accidanta  il  n'aat  paa  toujoura  poaaibla  da  fair*  Xa  part 
qul  raviant  aux  lAaiona  duo*  au  aouffla  propraaant  dlt  at  callaa  duaa  4 daa  cauaaa 
aaaociAaa  voir*  IndAtarminAaa . Capandant  cartainaa  blaaauraa  plua  apAcifiquaa,  4 loca- 
liaation  prAciaa,  pauvant  Atr#  attrlbuAaa  a 1 'affat  da  la  forca  aArodynaaxqu*  du  vant 
ralatif  dAa  la  aortia  da  l'anaawblo  aiige-pilota  da  l'avion.  Alla*  vont  da  la  si*pl* 
acchymosa  faciala  a 1 ' arrachamant  d'un  aaabr#  avac  aort. 

-Parta  da  connalaaanca. 

La  parta  da  connalaaanca  oat  un  ayaptoaa  qua  l'on  ron^ontr#  aouvant  lora  daa 
Ajoctiona  4 grand*  'vitoao#  "(4  caa  'aur  23)  dana  notra  Atud*.  Klla  dura  qualquas  aacon- 
dai.parfois  plus,  la  pilot#  no  ropranant  aea  aaprita  qu'una  foia  auapandu  au  bout  do 
aon  parachut*.  Au  coura  d'un*  onquAta  un  pilot*  racont*  lea  faita  auivanta  : "d4a  la 
aortia  do  l'avion  j*  roaaoni  un  coup  da  vent  axtrAaaaant  violent  contra  la  viaaga,  J'ai 
oenti  qua  Ja  uourrai*  an  tournoyant  ...  enauit#  j'ai  vu  aoa  piodo,  la  tach*  d'Acuae 
laiaaoo  par  non  avion  at  mon  aasquo  4 oxygon*  qui  pandait  t Je  n'ai  jaaais  vu  X*  ai4g* 
at  Jo  n'avaia  paa  1*  ridoau  4 la  aain". 

-Laa  lAaiona  cutanea*  at  nuaculalraa. 

Dans  plus  da  70  % da*  caa  laa  aujata  prAaantant  daa  lAaiona  cutanAaa  da  typo 
acchymotiqua  aur  laa  diffArantaa  rAgiona  du  corps  iaprimant  au  nivaau  du  thorax  at  das 
aombre*  auporiaura  daa  tracaa  da  praasion  at  da  friction  iaportanta  du  harnaia  ou  das 
band**  plus  ou  aoins  Atanduos  lAgaramant  acchyaotiquas  avac  da  patitoa  suffusions  HAaor- 
ragiquas  at  do#  pAtochiaa  (10  caa  dana  notra  statistiqus) . Las  lAaiona  aont  parfaito- 
mont  nottas  au  nivaau  da  la  faca  at  aont  accoapagnAas  do  plaioa  (16  caa),  da  patltaa 
homorragtoo  aoua-conjoncti valaa  (10  caa)  avac  parfoia  un  oadAa*  palpAbral  plus  ou  aoina 
accantuA  (3  caa). 

-Lea  wiyalrlaa  musculo tree  diffuaaa  avac  da*  hAaatoaaa  plua  ou  aoina  Atandua, 
las  courbaturas  gAneralioAou  aont  la  regie  at  paraistant  pandant  pluaiaura  jours 
( 18  ca* ) . 
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- Lai  lesions  pulmonairai  >- 

On  a pu  obaarvar  2 cai  da  blaat  pulmonalr*  l'un  ralai.  ivemsnt  binin  avac 
signal  clinlques  (aamation  d ' itouf lament , halstement,  gin*  raiplratoira)  at  ilgnaa 
radiologiquai  (images  aiegeant  aux  bam  pulmonairas ) l'autra  aortal  avac  ilgnaa  ana- 
torao-pa tholog iquaa  claaiiquaw  (suffusions  alviolairai,  himorraglae  at  oadim*  a l'au- 

topiii),  _ Lai  lesions  traumatiquea  - 

Lai  aaabrai  auperlsura  at  lnfirieura  aont  inegalement  touches.  lai  liiioni 
vont  da  la  almpla  contuiion  a 1 • arrachiman t d'un  membra.  La  luxation  du  naabra  aupi- 
riaur  • 'observe  da  temps  an  taapi.  En  aflat  ioui  1'influanca  du  aouffla  un  daa  braa 
tenant  la  ridaau  ait  projete  vara  l'orriara  at  la  haut.  La  combination  da  ca  tnouve- 
mint  realise  un  point  da  friction  at^roiion  aur  l'alaialla  at  la  faca  intarna  du 
bicapa  at  entrain*  uno  violante  doureur  da  l'ipaul*  at  du  bras  qui  pand  iiarie  la 
long  du  corps.  Tout  anal  da  mobilisation  diclench*  alors  un*  viva  douleur  capandant 
lea  radiographiaa  n*  aontrant  aucun*  I baton  oiaauit,  la  doulaur  cane  alias  rapida- 
ment  at  la  mobilit*  ait  ricupira*  an  qualquaa  joura. 

A la  luita  d'un*  double  ijaction  4 un*  vitasie  voiain*  du  ion  1 un*  altitude 
ait  1st 4*1 5 . 000  a 10.000  pied#  las  deux  raacapui  ont  prisentb  antra  autr*  daa  liiioni 
die  mambrai  inferiaura  ! luxation  das  daux  ganoux  pour  1*  pilot*  at  luxation  du  ganou 
gauche  at  fracture  >iu  fimur  droit  pour  1*  navigataur.  Dan#  laa  daux  caa  il  y a *u  rup- 
ture du  ligament  lateral  Interne  at  daa  ligamanti  croiiii.  En  outra  chas  1*  navlga- 
teur  11  I'agissait  d'un*  luxation  ouvart*  par  rupture  da  la  face  lateral*  Intarna  da* 
tissue  du  ganou.  Cai  lesions  aont  conaicutivai  au  phenomena  du  aouffla.  Laa  ganoux  ont 
travaill*  en  rotation  extern*  at  sa  aont  luxia  ■ caci  axpliqu*  la  dichlrur*  daa  liga- 
ment* latiraux  intarna*.  La  ruise*  droita  du  navigataur  fracturi*  dan*  un  premier  tempi 
a protege  las  mouvamanta  du  ganou  at  axpliqu*  la  non  luxation  du  ganou  droit. 

C*tta  ejection  ait  anciann*  at  1*  type  da  aiig*  utilise  na  posaidait  paa  da 
system*  de  rwtanus  daa  Jamboi. 

Lai  fracture!  nombrauiai  affectant  un  ou  pluiieura  augment*  da  membra  aont 
parfoil  nettes  psrfois  rieliiant  un  viritabl*  fracas  oiaaux.  Noua  svoni  pu  igalamant 
observer  dans  2 caa  un  icartelemant  da  membra  irfiriaur  par  dlajonction  da  la  symphys* 
pubianne . 

STATIST TOOL  f.LOBALS 


total  oes  ejections 

1 Ejections,  ! 

i manquiaa  1 

Ejections 

riuuiai 

256 

<•?  ' 

309 

; ib%  , 

82  % 

INFLUENCE  DE  LA  VITESSE  SUB  LKS  EJECTIONS  SDH  LE  PERSONNEL  ET 

l.E  MATERIEL 


Vitim  | N ombre 

d ij ec  t ions  | 

sort* 

j Llaisia 

| indamnaa j 

c««qu« 

perdu 

t masque 
i arrachi 

400  noeuds  : 
*t  au-dam uei 

23  ! 

k 

; 

' l ’ 

I 1 

IB 

; io 

REPARTITION  DKS  LESIONS  Ml  COUHS  DE  23  EJECTIONS  A DES  VITSSSE.S  LG ALES 

OU  SUPEUTEUKES  A 400  NOFUDS 


LOCALISATION 
criv.s  - tit* 

pert*  de 
connaia- 

aanct . 

blast 

lesion#  cu- 
tanuei-pita- 

chiee-^iaie# 

NOMURE  DE  CAS 

myalgi.;#  t contu- : luxs-  : frac-  i dia  Jonc- i arrachl- 
diffuaist lion  : tion  t tur*  i tion  imant. 

iiit  i 

4 

2 

lfl  1 

• ; j 

2 

; ^ 

' 3 i 

face 

16 

; 2 ; 

y«nx 

13 

: : : 

thorax  t 

4 

t : : 

iternum-edte 

1 : 2 i : 

membra 

superieur 

10 

! 8 
t 

5 ; 8 ; ; 1 

membra 

infer ieur 

, 1 3 

; 12 

7 ; 1°  : ; 1 

baaain 

! 2 

: : 2 : 

vertebral 

: 

* 

L 2 1 ; 
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III  - OBSERVATIONS  PARTI  C.ULIERES  - 

A l'aide  da  3 ca*  particuliara  trie  demonatra t if a noua  allona  raconatituar 
laa  aictniaaaa  phyalo-pathologlquaa  daa  laaiona,  gr&te  aux  t4molgnag*a , aux  4tud*a 
thior lquee , aux  calcula  da  trajactoira,  a l'axaaan  daa  aquipamanta  (siege,  vttamanta  da 
vol,  parachute,  canot) , aux  clichaa  radiologiquea  at  aux  donnAaa  da  l'autopaie. 

! OBSERVATION  1 \ 

a)  c lrconatancaa  da  l'accldant. 


Au  coura  d'una  miaeion  d'antralnamant  a I • lntarcaptlon , una  collialon  avac 
an  autra  avion  aa  produit  a una  altituda  da  20.000  piada  at  A aach  0,9*  La  pilota  raa- 
aant  un  choc  tr4#  violent,  panaant  a una  axploaion  il  dicide  da  s'4j*cter.  II  aaaaia 
d'attraper  la  ridaau  du  ei4g*  Martin  Taker  naia  na  paut  lavar  la  Main  gauche  an  raiaon 
daa  aouvaaanta  daeor  rtonn  Aa  da  1 'avion,  il  *'4ussit  capandant  4 aaiail*  la  poign4*  haute  da 
la  nain  droita  at  a firer,  l*4jaction  ra  produit.  Xaaadiataaant  il  raaaant  una  doulaur 
au  niveau  da  la  colonne  vertibrale,  ur,  aouffla  trio  violent  at  una  aanaatlon  da  gene, 
d • 4 tonff *m»nt , da  raapiration  aaccadia,  d'halAtamant . L'4quip*a#nt  do  tOta  eat  arrachi. 
Aproa  qualquaa  aanaationa  brivaa  do  rotation*  la  daacanta  atablliaie  a lieu  at  laa  a4- 
quancaa  ai'toaatiquaa  a ' af  fee  tuani  uoraalomant.  La  parachute  pilota  aa  daploie  a una  al - 
tituda  d'anviron  6.000  piada,  la  choc  a l'ouverture  rivailla  la  doulaur  vartibrala.  La 
daacanta  aa  tanaina  aur  un  terrain  tria  accidonti  at  la  pilot*  raaaant  da  nouveau  un* 
violent*  doulaur  vart4bral*. 

b)  Examan  daa  l4*lon*. 

La  pilot*  tria  choqu4,  souffrant  4nora4a*nt,  reaplrant  di ffioi lament , pr4- 
aanta  4 l'axaaan  axtarna  da*  plaiea  aultiplwa  da  la  face  avac  acchywoaen  at  pAtAchla*. 

Laa  clich4a  radiologiquaa  indiquant  t 

- au  nivaau  pulmonaira,  daa  image*  typiquaa  da  blaat  pulmonaira  elAgaant  aux  daux  baaaa 
affactant  un  aapact  amphyaiaataux , 

- una  fracture  taaaamant  important • da  0^  avac  l4aiona  probable*  da  Vj  at  Dy. 

o ) Examan  da*  4qutp*m*nt*. 

La  aiiga  n'u  pu  4 tr a ratrouv4,  l'accldant  ayant  au  lieu  au-daeaun  d'una  r4- 
gion  tr  ua  Montagnauaa  at  isol4e. 

Aucin  ranaaignaaent  coapliaantaira  n'a  pu  4galawant  4t*  apport4  par  l'axaaai 
daa  vltaaiant*  da  vol  at  du  gilat  da  aauvataga,  car  ila  ont  4t4  d4coup4a  lora  da  l'hoapi- 
taliaatlon  du  blaaa4. 

d)  Her unit  1 tutlon  da  l'accldant  at  w4canlama  pathol oglqua  daa  liaiona. 

A la  auita  du  t4aoignaga  du  pilota,  da  dirf4rants  calcula,  11  eat  poaaibla 
da  raconatituar  laa  4v4n*a*nta. 

La  d4claion  d'4j*otion  par  1*  pilot*  a 4t4  prla*  aux  environ*  dr  20.000.  11 
a'4j*ct*  a 15.000  piada  4 la  vitaaa*  da  0,9  aiach  - vita***  corrigi#  470  noauda.  Uu  feat 
ataa  da  1*  configuration  d4aordonn4*  da  i'avion,  da  la  position  "an  aataatrophe"  du  pi- 
lots au  aoaant  da  l'4j*ctioi»  i la  l4aion  traumatiqu*  v*rt4bral*  surviant  au  d4part  du 
al4g*.  C'aat  d'aillaur*  4 ca  aoaant  14  qua  la  pilota  raaaant  aa  doulaur.  D4s  la  aortla  da 
la  tit*  du  ai4g*  1*  protection  facial*  par  1*  ridaau  aaaqu*  4tant  inaufflaanta  du  fait 
da  la  traction  dyaaya4trlqu*  du  ridaau,  l'4quip**Mnt  da  tit*  eat  arrauhn  aotia  l'affat 
du  aouffla  i part*  da  la  coqutlls,  du  aarre-ttte  at  du  aaaqu*  qui  eat  aactionn4  au  nlvaai 
sup4rl*ur  da  la  ohanlll*.  En  affat  la  parti*  eup4rl*ur*  du  corpa  du  pilota  a 4t4  souaia 
4 un*  prasaion  dynamiqu*  d'anviron  450  millibars. 

Caci  paraet  d'axpliquar  d'una  part  la  aurvanua  d’un  blaat  pulmonaira  at 
d'autr*  pai't  laa  pjala*  facial**  qui  pauvaut  4tr*  duaa  aoit  4 1 ' arrachamnnt  du  casqua 
at  du  maaqu*  aoit  4 la  fore*  aarodynami qua . 


i I 

i OBSERVATION  2 i 
i l 


a)  Circonatnnca*  da  l'accldant. 

Lora  d’un  axarcic*  da  pourauit*  *ff*ctu4  par  un*  patrouilla  au-dasaua  da  1* 
nor,  1*  iaadvr  pord  contact  avac  son  Aqutpier,  laa  41  Aments  da  vol  sont  laa  solvents  i 
altituda  15.000  pled*,  vitaaa*  390  noauda.  Qualquaa  lnatanta  *pr4s  1*  leader  an  virage 
4 gauche  aparrolt  praaqu ' an-daaaous  da  lul  unr  garbs  an  coura  da  diaaipation  qui  laiso* 
place  4 un*  tich*  vert*  parfaltamant  rond*  d'anviron  50  m.  da  diaaiitra,  il  descend  at 
volt  1*  canot  pneuaatiqu*  4 una  dixain*  da  mitral  4 l'*xt4ri*ur  da  la  £ache.  . 

Las  plongaura  anvoyas  aur  place  dscouvrant  1*  canot  incline  4 90*,  au  3/4 
InaaargA . La  aanRla  da  1 iaiaon  daacand  vara  la  pilot*  qui  eat  r*trouv4  U4c4dA,  attach* 
par  son  harnai*  tat*  dirigo*  vara  la  aurfaca,  aana  4quip*m*nt  da  t4ta,  hi-aa  at  Jaabai 
*mnil4*a  dans  laa  auapaataa  Mae  Vast  non  gonfl4*.  ocmbinalaon  at  pnntalon  anti-G  d4- 
oUiria  at  aana  chauaauraa 

b)  Examan  daa  laaiona. 

La  aujat  |«r*#*nta  da  nombrauaaa  acchymosaa  avac  p4t4chlbA  au  nivaau  da  la 
fa ca  at  du  thorax  avac  predominance  -4  aaucUa.  11  v a luxation  du  ctfudn  gauche  at  dia- 
jonctlon  da  la  aymphya*  publann*  li4a  a un  Acartalamant  avac  plat*  profondo  at  larg* 


du  p4rin4*  • t hemorragie  important* 
c)  Iwnb  daa  4qulp*m*nt*. 
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La  voilura  du  parachuta  present*  daa  dfchirura*  at  da a bruluraa  l4gar*a 
dana  l'anaambla,  la  harnaia  aat  an  bon  atat  mala  sangie  d'un*  fa; on  dyaayoitriqua . 

Laa  affata  da  vol  aont  andommages  : dachlruraa  daa  Jambaa  droita  at  gaucha 
da  la  coabinaiaon  4troita,  abaanca  da  la  Jaaiba  droita  du  pantalon  anti  C at  dichirura 
da  la  Jaaiba  gaucha. 

II  an  aat  da  mtm*  du  gilat  da  aauvataga  qui  laiaaa  apparaltra  la  vaaaia 
i droita  at  k gaucha. 

d)  Reconstitution  da  l'accldant. 


• Bian  qua  priva  d ' information*  prdciauaaa  tallaa  qua  la  vitaaaa,  at  l'alti. 
tuda  d'djaction,  laa  tdaoignagaa  du  leader,  l'axaaian  daa  liaiona  at  du  material  ont 
parmia  d'daattra  daa  hypothdaaa  aur  laa  circonatancaa  da  cat  accidant. 

L 'avion  a parcutd  la  aurfaca  do  l'aau  aoua  una  incidanc*  procha  da  90*  : 
tacha  par fal tamant  ronda.  L'ejaction  a'aat  faita  prda  da  la  aurfaca  da  l'aau,  environ 
1800  piada  a vitaaaa  4l*v4a,  iiapoaaibla  a praciaar,  male  tree  aupiriaura  a 400  Kt , vu 
l'aitituda  an  pioud  da  l'avion. 

Laa  ecchymoaaa  aultipla * da  la  faca  at  du  thorax  aontrent  qua  1 'ejection 
a dO  «a  fair*  aana  la  protection  du  rldaau,  laur  gravita  1*  *«  ..  a 1 'arrachawant  da  X'an- 
aaaibl*  da  l'aquipamant  da  tit*  monti*  qua  l'ljaction  a dl  fair*  a grande  vitaaaa. 

L'lcartllaaiant  aat  la  conalquanca  d'un  mouvamant  daa  jaaibaa  vara  l'exta- 
rlaur  at  vara  l'arrllre  at  indiqua  la  non  afficianca  pour  una  raiaon  indltenainaa  du 
system*  da  rappel  daa  Jambaa  au  moment  da  l'ljaocion. 

L' abaanca  d'autraa  llaiona  tend  k aontrar  qua  1' impact  k l'arrivia  aur 
l'aau  a'aat  fait  parachute  ouvart  normalaaant. 

Inf in  la*  deterioration*  da  la  voilura  ktmnt  ainimaa,  l'ouvartur*  a done 
du  a*  produira  dana  la  doaialna  ({'utilisation  du  parachute. 

Par-mi  laa  hypothlaaa  echaffaudaaa  aur  la  deroulawant  da  l'ejaction  noua  ra- 
tiandrona  c*Xl*-ci  i 

la  pilota  dlclda  da  a'ejactor  at  actionna  la  coamande  haute,  la  aiag*  part,  laa 
rappel*  da  Jamba  n*  Jouant  paa  lour  rAla.  Ola  la  aorti*  da  l'anaambla  aiaga-pilot*  aoua 
l'affat  da  la  fore*  alrodynamiqua  la  pilota  aat  ecartall,  la  rldaau  at  l'lqulpamont  da 
tit*  aonl  arrachaa.  Cnauit*  l'anaambla  daa  sequences  automatiquaa  da  1 'ejection  aambla 
a'ltra  normal amant  dirouie. 

L'lmportanc*  daa  leaiona  au  aortir  da  l'avion  auffiaant  a axpliquar  la 
mort  du  pilota.  L'autupai*  qui  n'a  malhaurauaamant  paa  ite  pratique*  aurait  parmia  da 
1*  confirmer. 


i i 

i 0BIXHVAT10N  3 i 
I i 

a)  Circonatancaa  da  1 'accidant. 

Au  coura  d'un  ratournemant  da  combat  a partir  da  30.000  piada,  l'avion  a* 
mat  an  pique  k 70*  pour  una  raiaon  lndltarmine* . Vara  una  altitude  da  19.000  plods 
Jugaant.  compt*  tanu  da  aa  vitaaaa  (mach  1,3  - C3O  noauda),  qu'il  n'avait  plua  la  jaoe- 
albilit*  d'affactuar  una  raaaourca,  1*  pilot*  a prla  la  decision  da  s'ejactar.  Ml m a 
fau  au  moyan  da  la  poigne*  hauta  1*  ridge  a'aat  *4par4  da  l'avion  a l'aitituda  aatime* 
da  9000  piada  ait  una  vitaaaa  corrlge*  da  690  noauda. 

La*  »4qu*nca*  automatiquaa  da  l'ejaction  s'etant  *ff#ctu4*a  normalaaant,  1* 
parachuta-pilota  a'aat  dlploye  k una  altitude  approximative  da  3900  piada.  La  daacant* 
a*  termlna  drna  un  petit  itang  k 300  mltrea  da  1' impact  avion.  La  pilot*  a Ate  ratrouve 
deceae,  flottant  A la  aurfaca.  La  Jamb*  gaucha  arrache*  aat  ratrouve*  a 300  ultra*  da 
X'etang. 

b ) Daacrircion  daa  leriona. 

L'axaman  extern*  montra  : 

- das  leaiona  da  la  face  (fracture  du  nos,  acchywoaaa  periorbitairas  bilate- 
ralaa) , 

- daa  fracture*  daa  deux  humerus, 

- un  abdomen  ouvart  avac  4vi«c4ration  partialis  du  bsasin, 

- un  arrachamant  du  membra  inferiaur  gaucha  au  nivaau  da  1' articulation 
aacro«iliaqu* , 

- daa  fractures  das  daux  femur*  dont  un*  ouvart*  u droita. 

L'axaman  radiologiqu*  poat-mortam  a mi*  an  evidence  la*  lesions  auivantaa  : 

- un*  fractur*  multlfraguantair*  du  tiara  moyan  ds  l'humarua  droit, 

- un*  fracture  du  col  chirurglcal  da  l'humarua  gaucha  avac  luxation  da  la  tit* 
humeral* , 

- una  fractur*  transversal*  aana  diplacamant  du  corpa  das  3 omoplates, 
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- uni  luxation  atarno-clavlculaira  (iuchi , 

- uni  fracture  da  O5  tassement  lateral  gauche, 

- una  frac tur a -luxation  du  aacrua  avac  diajonction  daa  daax  articulationa 
sacro-iliaques  (rotation  da  90*  du  aacrua)  at  diajonction  da  la  symphyse 
pubianna , 

- una  fractura  symetrique  du  tiara  aioyen  daa  daux  f Amur a , 

- una  fractura  da  la  atylolde  du  V*  aitataraian  gaucha. 

La  radiographia  pulmonaire  aontra  daa  opacitAs  arrondiaa  ou  ovalairaa  A con- 
tours floua  at  aatoapaa.  prAdominant  aasantiallaaant  au  nivaau  daa  bases. 

L'autopsia  noua  a riviii  an  particuliar  au  nivaau  daa  pouaona  daa  aarbruraa 
iaportantaa  avac  hAaorragies  an  aurfaca,  un  aapact  omphysAmataux,  o-adAmateux.  A la 
coupa  laa  lobaa  aont  crApitants,  rosea,  epumeux  at  oedAmateux. 

Nous  avona  notA  un  infarciaaamant  daa  lobaa  aupAriaur  at  infAriaur  da  chaque 
pouaon.  L'axaaan  hiatologiqua  a conclu  a daa  lAsiona  d'oadAae  puloonaira  aur  un  fond 
d'alvaolitaa  catarrhalaa  at  hAaMrragiquas  au  atada  aigu, 

L'axaaan  du  pAritoina,  da  l'Apiploon,  daa  intaatina,  du  isAsantdra,  da  la  rata, 
da  la  vaaaia,  da  la  proatata  at  du  pAnis  n'a  pu  ttra  pratique,  car  caa  organaa  ont 
disparu  a 1 ’ AviscAration. 

Laa  axaaana  histologiquee  du  carvaau  at  do  la  moalls  ApiniAre  na  aattent  paa  an 
evidence  da  lesions  pathologiquaa. 

c ) Bxamena  daa  Aqulpemanta . 

Laa  deformations  tree  iaportantaa  conetatAee  lora  da  1'axaaian  du  siAga  aont 
duas  aux  affats  da  l'iapact  aur  un  aol  dur.  La  atructura  du  siage  avail  AtA  aouatiaa  au- 
paravant  aux  contraintoa  aAvAres  da  I'Ajectton  a grande  vi tease.  II  aat  toutafois  fonda- 
nantal  da  aoulignar  qu'allaa  n'ont  an  rian  affects  la  daroulaaia&t  normal  das  sequences 
autoaiatiquas  da  l'Ajaction. 

Le  fait  oaaantial  a ratanir  dana  l'examen  daa  Aquipamants-slAga  aat  la  parte  an 
coura  d* ejection  daa  daux  Jarretiares  daa  serre-jaabea  dont  una  seule  a AtA  re trouvAe 
pluaiaura  jours  aprae  1 'accident,  rompuo  au  nivaau  da  la  boucla  da  sarraga,  4 7 ciaa  da 
l'axtremite  du  bout  sort. 

Las  vlteaonts  da  vol  aont  traa  endommagAa  : couture  du  blouaon  da  culr  4clat4a, 
pantalon  anti-G,  coabinaiaon  da  vol  at  aoua-vitaaanta  dAchirea  at  an  partia  arrach4a. 

d)  Bacons tl tut ion  da  1 'accident  at  wecaniaeio  phyalo-pathologlquaa  daa  l4alona. 

A la  suite  daa  t4auignagas,  das  4tudes  aur  aiaulataur  Mirage  at  daa  cal- 

culs  da  trajactoira  il  aat  possible  da  fixer  laa  paraaatraa  A 1* instant  otk  la  dAclsion 
d'Ajection  a 4t4  prise  par  la  pilots  : altitude  15.000  plods,  noabre  da  Mach  1,3  - vi- 
taaaa  corrig4a  630  noauda. 

La  miaa  a fau  du  siege  a ate  realises  par  traction  aur  la  poignae  haute.  L'4- 
jaction  automatiqua  da  la  verriAre  a ate  nonsala.  L'anqulta  a Atabli  qua  la  sarraga 
desiaangles  du  harnals  aat  inauffisant.  La  caractAra  dyaaymetrique  da  la  fractura  aat  dfi 
A una  aauvaiaa  position  du  pilots  at  la  l4aion  trauma tiquc  aurviant  au  depart  du  siege. 

Toutoa  las  autraa  lesions  aurviennant  quaii-simul tenement  at  aont  duos  au  souf- 
fle. Daa  la  aortio  da  la  tits  du  siage,  le  rideau  at  la  partic  supArieure  du  corps  du 
pilots  aat  soumia  A uni  prassion  dynoraique  lAgerement  aupiriaura  a 1.000  millibars.  Da  ce 
fait  la  rideau  a at A projeto  on  arriere  ainai  qua  lea  bras  du  pilots.  Ainai  apparaiasant 
las  fracture*  da  l'huinorus  droit,  la  fracture  luxation  da  1 'humerus  gauche,  laa  fractu- 
res dca  omoplatea  at  la  desinsartion  atarno-claviculaira  gtuche.  Simultaniaent  l'cnsem- 
bli  da  tits  a Ate  arrache,  ca  qui  a parmis  d'obaerver  daa  lesions  da  blast  rencontrAaa 
au  niveau  das  daux  poumons. 

Pour  lea  lAuions  das  maabraa  inferiaurs  at  1 'arrachement  du  membra  infariaur 
gaucha,  11  semble  qu'il  an  aoit  da  mime.  En  affat,  A l'Ajaction  du  siege,  il  la  produit 
un  mouvement  symetriqua  des  Jambes  vers  l’axteriaur,  catta  hypothec  aat  verifies  par 
las  empre intea  retrouveee  dana  laa  logementa  des  embouta  coniquea^Seux  tangles  da  rap- 
pal  daa  Jarretlorcs . 

La  Jarretlere  gaucha  n'aurait  pas  accompli  son  office  da  maintien  da  la  Jamba 
tree  probablamant  A causa  da  sa  rupture  (an  affat  une  jarrcitiere  c ate  retrouvee  ronpua 
au-dalA  da  la  position  da  sarraga,  mala  11  n'a  pu  itra  daterminA  si  cells  retrouvAe  atait 
la  gaucha  ou  la  droita).  La  Jamba  gaucha  aat  alors  projatAa  verm  1'arriAra  at  vara  la 
haut  a hauteur  du  "connector"  at  haurta  au  nivaau  du  femur  la  montant  lateral  gaucha  du 
dossier  du  siege.  En  affat  on  retrouve  la  chanilla  d'oxygana  Acrasea  at  on  partia  aac- 
tionnea  par  la  montant  gaucha  at  la  plaquetta  da  fixation  du  "connector".  Laa  radiogra- 
phlas  montrent  1 'aspect  particulier  da  .'.a  fractura  avac  rotation  an  dedans  du  fragmant 
inlArieur. 

L* amplitude  de  ce  mouvement  de  la  Jambe  vara  1'extArieur  a AtA  rendu  possible 
par  la  dislocation  lombo-sacro-i 1 iaqui  at  la  Jamba  gaucha  qui  n'oat  plus  ratanue  qua 
par  lea  tissue  muaculairaa  aat  arrache*  par  1 'affat  du  aouffle  qui  aat  alors  suffisant. 
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La  ainilitude  da  fractora  du  fbnur  droit  inplique  un  processus  ldsntiqua  at 
fait  panaar  qua  al  Xa  Jarratibrs  droit#  a raapll  aou  of flea  da  rappel  da  la  Jaaba  aa 
dbbut  d'bjectlon  (aapralataa  dana  laa  logsnaata  das  aa bouts  coniquss)  aa  texue  ultb- 
riaura  rasta  indbtarniabs.  aaiw  lalssa  aupposar  una  ruptura  da a datuc  jvrutllrss  aaua 
i'affat  du  aouffla. 

XI  oat  intbraaaant  d'bvaluar  laa  efforts  subla  par  la  aaabra  infbriaur  du  pi- 
lots au  aoatnt  da  la  sortie  du  ili(<  da  la  cabins. 

la  calcul  thborique  a perals  da  prbelaar  qua  dana  cas  conditions  la  aaabra 
infbriaur  du  pilots  avait  4t4  souaia  4 una  force  da  8])  t|,  ca  qui  peraet  d'axpliquar 
laa  dbforaations  subiaa  par  la  systine  da  ratanua  daa  Jaaba# , las  fraeturas  at  arracbe- 
aant  da/  nenbras. 


CONCLUSION  - 


Laa  affata  du  aouffla  au  coure  das  4 jec  ’.Iona  4 grande  rltassa  provoquent  daa 
dbgAts  iaportanta  auaal  bian  aux  paraonnala  qu'au  uat4rial.  Laa  blaaauras  rancontr4aa 
an  dehors  daa  lesions  olaaaiquaa  sent  plus  ap4clfiquaa  at  prevlenaent  aoit  da  I'affat 
direct  aoit  da  I'affat  indirect  da  la  force  abrodynanique  cxarc4a  aur  la  corpa  bunain. 
Au-dala  da  400  noauda  alia  paut  attaindra  pluaiaura  tonnes  at  peraet  alnai  d'axpliquar 
1 'arracheaent  da  l'bquipanant  da  tEte,  laa  l4aions  da  la  faoa,  laa  traunatianss  craves 
daa  nawbraa  aup4riaura  at  lnf4riaurs  (luxations- fractures) , las  die Jonct ions  articulai- 
raa  at  alaa  parfola  l'arraaba— at  d'un  wenbre. 

La  nisa  a fau  du  ai4ga  4jactabla  par  la  poignie  haute  assure  dana  la  najaritb 
das  c aa  non  aauleaiant  una  protection  afficaca  du  visage  pur  le  rideau-nasque  nals  4gala> 
aiant  uno  position  corracte  qui  offra  una  noindre  prise  au  vent  relatif*  L' utilisation 
d'un  syatbna  afficaca  da  rappel  at  da  naintian  daa  Jaabaa  contra  la  baquat  du  ai4ga 
a’ a vara  indispensable. 

Capandant  conns  nous  la  montre  1 'abaarvation  N*  3 au-del4  da  600  noauds.  le 
donalne  d'utiliaation  du  si4ga  eat  d4paa#4  at  laa  systbnes  da  protection  davlannent 
inefflcaces.  Ainai  ra  trouva  poa4  la  preblbna  da  la  conoaption  at  da  la  fabrication 
dat  syatbnea  afficacaa  da  Mintien  da  la  tits,  du  buata,  daa  bras  eC  daa  jaabaa  da 
1 'utilisataur.  L'an4lioration  daa  perforaances  du  sibge  aseurant  una  stabilisation  aur 
trajactoira  4vitant  lae  bsaculauants  at  las  rotations  intaapestivea , telle  ique  le  rball- 
aa  la  siege  4 fuses  eat  indiapunaablo. 

Enfin  la  corrblation  dua  donn4aa  das  tbaMignsges,  das  itudes  at  calcula  thiori- 
quaa, daa  axanans  cliniquaa  daa  lieiona,  daa  radiographiaa,  at  da  l'axanan  daa  iquipe- 
manta  peraet  da  reconstituer  las  clrconatancea  da  1 'accident  at  d'en  expliquar  lee  nboa- 
nisnaa  pethoginiques  daa  l4sions  obaarv4ea. 

Nous  ne  serious  suffiaaneant  inaiater  non  seulenant  aur  1'intbrEt  da  l'enploi 
■yatinatlquu  da  1'autopaia  aaia  encore  da  la  radiograpbia  poo  t-aortec.  qui  ne  aa  contests 
pea  da  viausllaar  laa  l4aions  naia  qui  Joua  un  r6le  non  n4gligeable  dana  1 'explication 
do  lour  nbconisna  pathog4nlquo . 
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SUMMARY 

It  appears  that  in  aartlee  operations  thara  is  a high 
probability  of  aircrew  having  to  ejeot  at  low  loval  and 
at  transonic  spood  and  tharo  aay  ba  llttla  ohanea  of 
oreetlng  aora  favourable  conditions  for  esaaps  by 
exchanging  forward  apevd  for  altitude. 

wind  tunnel  experiments  and  operational'  ax  parlance  show 
that  ourrant  helmets  a re  usually  lost  on  exposure  to 
airspeeds  fron  350  to  500  kt. 

This  paper  gives  an  aooount  of  axperlnonts  that  have  been 
done  to  prove  th*  feasibility  of  nrotaoting  the  head  from 
exposure  to  blaet  by  naans  of  an  automatically  erected 
febrlo  hood. 

Theee  experiment*  aho*  that  auoh  a hood  plaoad  over  the 
faoe  of  e duany  test  suhjeot  drapes  the  head  affectively 
on  expoeure  to  blaet,  end  preventa  the  lots  of  even  alaple 
helmet  eeaeobliee  at  laaet  up  to  maoh  1. 


INTRODUCTION 

There  are  e number  of  aeya  of  protecting  alrorew  from  the  effeote  of  exposure  to  bleat  during  aeoepa 
at  air  apeeda  up  to  Maoh  1.  One  of  theee  attempts  full  proteotlon  for  alrorew,  and  in  lte  developed  font 
i»  tc  be  found  ea  an  ejectable  noee  or  crew  oompartment  in  the  USAF  fill  atrlke-alrcreft.  The  devloe  is 
extremely  oooplex  end  expenilve  ao  one  le  naturally  drawn  towarde  the  development  of  slader  oonoepte. 
Tyoical  of  auoh  Idea*  la  the  rigid  helmet  with  an  auto»»tlcally  closing  and  sealing  visor  as  in  ths  ilk  5 
helmet  now  under  development  for  the  Royal  Air  Foroe.  However,  it  is  suggested  that  the  usn  of  a strong 
fabrio  ftoe-sorean  or  hood  eight  well  provide  a yet  eiepler  and  cheeper  volution  to  the  oroklem.  The  idea 
of  using  a fabric  oover2  to  protect  the  faoe  from  exposure  to  bleat  ie  rot  new,  and  a version  has  been 
encorporated  in  Martin  Baker  seats  for  many  years.  Unfortunately  at  very  high  air  apeeda  the  Martin  Baker 
face-blind  it  unusable  because  the  hands  are  likely  to  be  torn  from  the  firing  handle  and  the  arms 
subjected  to  serloue  flailing.  It  ia  now  the  practloe  to  use  the  Seat  pan  handle  rather  than  the  blind  for 
ejection. 

It  appears  that  the  effectiveness  of  the  face-blind  depends  on  its  being  held  down.  Unfortunately 
failure  to  keep  a grip  on  the  firing  handle  allowa  the  wind  to  strip  ths  blind  exposing  the  face  to  blest 
and  allowing  the  lost  of  the  proteotive  helmet. 

This  paper  dlsou'ses  the  development  of  a fabric  hood  designed  to  overcome  these  difficulties  in  that 
it  la  autonntioally  erected  into  nosltlon  and  firmly  fastened  at  its  lower  end,  so  that  on  exposure  to  the 
alrstresm  It  drapes  the  head. 

DISCUSSION: 

EARLY  HISTORY3 

Some  yeere  ego  s full  pressure  suit  for  high  altitude  operations  was  developed  at  the  RAS,  The  head 
enclosure  wae  quite  unauthodox  (see  Figure  l)  in  that  it  was  made  from  rubberised  silk,  terylene  doth  and 
mallnax  and  was  operable  after  the  fashion  of  a olam  shell  or  handbag.  The  helmet  was  given  shape  by  a 
pair  of  hinged  metal  hoops  which  carried  a gaa  pressure  seal  and  mechanical  looking  devloe.  In  the  open 
oonditlon  the  fabric  hood  folded  up  and  the  hoops  rested  on  the  baek  and  ohest  of  the  wearer.  The  clam 
shell  helmet  could  be  erected  and  dosed  automatically  within  <C  160  ma  by  means  of  a pair  of  inflatable 
tubes  attached  to  the  hinges. 

The  fora  of  thia  helmat  suggested  that  it  might  in  principle  make  the  basis  of  a devloe  for  protecting 
the  head  from  exposure  to  blest.  Clearly,  in  these  circumstances  only  the  front  half  of  the  olam  shell 
would  be  needed,  but  the  metal  hoop  would  be  an  unacceptable  hasard  during  ejection,  ao  it  would  have  to  be 
replaced  by  a stiff  non  rigid  devloe  such  as  a shaped  tubular  pneumatic  frame. 

STCWACE  AND  SECTION 

Stowege  and  ejection  of  the  proposed  anti  blaet  hood  are  secondary  to  its  protective  function,  but 
because  of  intereotlon  with  other  aspeota  of  man/eo.uipment  asaesblies  a great  deal  of  the  available  effort 
was  devoted  to  the  development  of  the  pneumatic  system.  However,  beosuee  the  development  of  a rigid  anti- 
blast  helmet  had  already  started,  work  on  the  fabric-  hood  could  only  be  carried  out  on  a low  priority 
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basis  spread  over  several  years. 

Aft  er  imrtl  unsuccessful  experiments  with  inflated  tube*  in  various  diffarant  configuration*,  it  a a* 
decided  to  t ry  the  effect  of  a straight  rubber  tube  eonetrained  to  the  ehape  of  the  hood  frane  by  a 
t ary  lane  fabrlo  envelope  of  * one  whet  smaller  diameter.  Although  an  inprovenent  on  earlier  configurations, 

the  resulting  structure  wa»  not  i*M*ediat*ly  *tlff  enough,  but  by  triangulating  the  liab*  of  the  frane  with 

pneumatic  strut*  a *ati*f*ctory  errangentnt  vat  achieved  aa  *hown  in  figure  2. 

A aketoh  of  tha  inner  rubber  tube  dipping  with  it*  bifurcated  atruta  i*  shown  in  figure  3.  The 
terylene  cover  owe  out  end  aade  up  in  auoh  a way  that  it  oontrollwd  the  ehape  of  fee  thole  eystea,  and  e 
very  promising  struetuiw  was  achievad  with  an  Inflation  prasaura  of  about  3 ata. 

Having  achievad  an  acceptably  etiff  pnauaatlc  fraaw  for  the  fabrlo  hood  a naanc  of  (towing  the  device 
on  the  crewman's  body  garment  waa  aought.  Eventually  a satisfactory  method  of  paoldng  the  hood  was  found 
and  put  into  operation  aa  follows 

a.  The  inflation  tube  ie  Joggle  folded  as  shown  in  figura  it. 

b.  The  loose  fubrio  of  the  face  hood  is  folded  concertina  fashion  on  top  of  this. 

o.  The  Inst  of  the  hoed  fabrlo  with  attaehed  veloro  patches  is  rolled  over  and  pressed  down  on  to  a 

velcro  U enaned  bast  forming  a nest  horse  ooller  feleh  ie  finally  dutoh  laced  to  the  body  garment. 

See  figure  5.  The  hood  oan  be  released  from  the  body  garment  during  descent  by  pulling  a toggle 

shloh  allows  the  dutoh  laolng  to  run. 

It  was  found  that  tha  manner  in  whtoh  thw  high  pressure  gas  was  admitted  to  the  ereotlon  tubes  wms 
Important  in  that  the  force  available  for  correct  positioning  was  adequate  in  the  early  etagea  of  the 
operation  but  not  toiarda  fee  and  of  tha  pyole. 

-In  practloe  it  was  found  naceasary  to  ensure  that  tha  frent  of  tha  hood  burat  out  of  ita  package  first 
and  was  thrown  forward  so  that  the  maximum  effort  was  available  for  olsnrlng  the  head-gear.  See  figure  6. 
This  was  achieved  by  porting  the  high  nreaaur*  gas  into  aaoh  rear  strut  above  the  packing  kink  ao  that 
tha  llaba  of  tha  hoon  sere  inflated  Immediately  as  far  forward  as  the  Joggle  folds. 

In  o number  of  successful  erections  made  in  still  air,  the  leverage  applied  by  fee  pneunatlo  system 
at  3 ate  was  found  to  be  enough  to  overcome  fouling  of  the  head-gear  wife  the  heed  in  any  natural  position 
and  wearing  current  RAF  nroteotive  helmets.  It  wms  found  however,  that  the  hoops  tended  to  narrow  at  the 
base  at  higher  residual  pressures,  apparently  due  to  stretching  of  tha  terylene  cloth  in  the  struts.  This 
could  oauae  fouling  with  wider  head-gear  assemblies. 

Two  Mast  srpoiures  were  made  (facing  into  wind)  at  350  kt.  In  one  of  these  a ooapletely  suocaesful 
erection  wee  made,  but  in  the  other  the  hood  fouled  the  aids  of  a Ilk  2 RAF  helmet  but  did  free  itself. 

It  should  ba  noted,  however,  that  in  practice  the  hood  will  be  ereoted  before  ex'osure  to  air  blast. 

SOETI.O  0?  ERECTION 

As  already  indicated  the  febric  hood  must  be  erected  before  exposure  to  the  blast  and  it  Is  desirable 
to  achieve  aa  high  a speed  as  possible  in  order  to  anticipate  the  Jettisoning  of  the  canopy  by  a usaful 
margin.  For  instance,  in  modem  Aircraft  the  time  available  may  be  as  short  as  0.06  seconds. 

A brend-bosrd  gss  eunoly  system  (nitrogen)  wms  mad*  up  to  test  the  spaed  of  erection.  It  consisted 
essentially  of  a small  pressure  vessel  of  about  18  oo  water  capacity  oonnectwd  to  the  erection  tubes  vis 
a quiok  release  cock  and  3 mm  bore  high  pressure  rubber  tubing.  The  initial  gsa  prenaurs  in  the  pressure 
vessel  waa  about  136  atm  and  the  residual  pressure  in  the  erection  tubes  was  about  3 *tm  after  operation. 

An  electronic  clock  wi  used  to  measure  the  tins  of  erection  both  from  the  Instant  of  break  out  and  from 
the  operation  of  the  quick  acting  oock. 

Figure  6 shows  the  time  hietory  of  a typical  erection  from  the  break  out  of  the  stowage,  the  ereoting 
time  was  0.11  seconds  while  fro*  the  gas  trip  it  was  0.28  seoonds.  The  increased  time  was  apparently  due 
to  the  resistance  of  the  gas  delivery  pipe.  It  was  found  however  that  fe#  speed  of  fee  gee  delivery  had 
apparently  reached  its  optimum  value  for  this  hood  design  since  oi\y  increase  in  fee  rate  of  flow  tended 
to  upset  the  sequence  of  the  bresk  out  cycle  making  fouling  the  head-gear  more  likely. 

FI'TOIPE  TO  BLAST 

Preliminary  blast  tests  'are  made  on  the  anti-blast  hood  in  s blower  tunnel  where  the  maximum  attainable 
;.ir  speed  wee  .'50  kt  and  whore  the  duration  of  expo* ire  could  not  be  closely  controlled.  Tbs  head- gee r wont 
we*  th#  RAF  Ilk  1 protective  helmet,  0 typo  cloth  flying  holmot  and  P type  oxygen  mask. 

Some  15  exposures  were  made  with  the  dummy  men  eet  up  et  various  angles  to  the  air  stream  and  fee 
results  of  the  tests  are  summarised  in  Table  1.  In  view  of  the  damage  done  to  fee  fabric  structure  it  Is 
clear  feat  neither  fee  sell  cloth  used  in  the  hood  nor  fee  stltohing  were  strong  enough  for  th*  very 
severe  conditions  expected  at  transonio  air  speeds.  Tho  fabric  used  in  the  tests  was  * terylene  materiel 
weighing  about  1 >6  g/m*  end  having  a strength  of  26  2 N per  cm  run.  Leter  models  of  th*  anti-blast  hood 
were  made  up  in  a heavier  sailcloth  (M26;  which  ho*  a weight  of  about  190  (/%*■  and  a strength  of  445  to 
462  N per  os  run. 

It  wee  observed  during  fee  tests,  thft  fee  face  hrod  seemed  to  be  lesa  stable  in  some  cirouastanoes 
feen  tha  arection  tubee  were  pumped  hard  than  when  they  were  not.  This  is  believed  to  have  been  oaused  by 
stretching  of  the  sailcloth  when  under  pressure  and  indeed  fee  use  of  heavier  material  in  later  models 
seomod  to  overoome  the  difficulty. 
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Two  ejections  froa  a Canberra  aircraft  at  anaada  bataaan  400  and  450  kt  wara  disappointing.  In  ona 
case,  la  aplta  of  vary  turbulent  air  oonditiona  in  tba  open  roar  cockpit,  tha  hood  «aa  araotad  successfully, 
but  for  raaaona  unoonn acted  with  tha  teat,  the  eeat  was  not  fired.  In  a eecond  oaaa  tha  turbulence  oauaad 
the  anti -blast  hood  to  deploy  wrongly  and  ao  tha  hood  and  tha  haad-gsar  were  loat  during  ajaotlcn.  Ejection 
taata  froa  tha  Cahbana  had  to  be  diaoentinued  oring  to  tha  withdrawal  of  tha  aircraft  but  hood  ereotion 
teata  wara  continued  in  a 7 a wind  tunnel  at  low  air  apaada.  Thaaa  ahow  tha  naxlnun  air  apaad  froa  varloua 
dlractlona  at  riiiob  auoeaaaful  deployment  can  be  expected.  They  are  aa  follows: 


Angle  to 
Air  3 trees 
0° 


Slight  Deployment  Fault 

at  x m/» 

Air  Speed 


Satiefaotory  Erection 

at  x m/» 

Air  Spaed 


0 

45 

90 


- 36  (70  kt) 

21  <41  kt)  Below  21 

26  (50  kt)  21 


EJECTION  RON  A ROCKET  PR  (PEWIT  SLED 

Following  tha  loaa  of  tha  Canberra  aa  a teat  facility,  other  poealbilltlee  had  to  be  o on tide  red. 
Fortunately  tha  Pendine  high  a peed  rocket  treok  baoene  available  at  this  tine  end  two  experiaenta  w era  eat 
up  to  teet  tha  behaviour  of  the  anti-blest  hood  on  expoeure  to  treaeonio  air  epeeda. 

Tha  vehicle  offered  waa  an  expendible  eled  and  tha  other  oonditiona  of  teet  ware  at  folloea:- 


i 

Duany: 

RAE  type  with  stiff  nesk,  padded  hip*  and  wearing  a normal 
overall. 

11 

Spaolal  Clothing: 

Torso  garment  with  anti-blaat  hood  attached  ( see  Figure  5). 

ill 

Hoad- gear: 

d type  doth  flying  ha  last,  Hk  1 protective  hairnet  and  P type 
oxygen  meek  with  chain  suspension  harness. 

iv 

Hoad  Restraint: 

Nona  - stiff  neok  dtamy. 

V 

Lag  Restraint: 

Carters  and  lags  tied  at  knew. 

Vi 

Am  Restraint 

Anas  hold  to  body  under  parachute  harness. 

vil 

Bleat  Protection: 

Anti-blast  hood  erected  prior  to  twat.  Inflation  tubas 
blown  up  to  about  } eta  and  eeelad. 

viii 

Seat: 

Vk  3 east,  2 hamsssee,  type  Z peraohute,  1.25  seconds  tins 
dalty. 

The  flrit  experiment  failed  for  reasons  unconnected  with  tha  teat,  but  it  did  ahow  that  tha  heavy 
tarylena  tailolotb  used  in  tha  fabrication  of  the  hood  mi  strong  enough  for  expoeure  at  aonio  air  apeed. 

The  teat  wee  repeated  using  a new  anti-blast  hood.  Tha  apaad  of  the  vahlole  at  tha  moment  of 
ejeotlon  waa  about  650  kt  and  Figure  7 ahow*  an  extraot  froa  the  flln  reoord  of  tha  flight  of  tha  eeat; 
the  frane  intervale  being  40  a*  each  except  for  the  lest  ona  ahioh  is  80  ns.  The  flln  shows  the  white 
anti-blast  hood  firmly  draping  tha  duany  head  throughout  this  period  and  on  retrieving  tba  teat  speolaen 
it  wee  dear  that  the  oxygen  a*sk  and  protective  helnet  had  remained  in  place.  They  were  found  oloea  to 
the  duaay  head  which  had  separated  froa  tha  body  on  impact  with  tha  ground.  Tha  anti-blaat  hood  suffered 
little  damage  (Figure  8)  in  spite  of  the  severe  bleat  to  shleb  it  had  bean  exposed.  Clearly  then,  the 
K26  terylwis  sailoloth  gave  reasonable  protection  froa  exposure  to  air  blast  at  about  650  kt. 

Two  further  testa  wara  made  using  this  tins  the  blast  test  faoillty  ^ st  RAE  Bedford.  Tha  duaay  man 
waa  drweead  in  a normal  overall,  a Kk  14  life  preserver,  a lb  2 protective  helnet  and  a P type  oxygen  mask 
with  a ohaln  suspension  harness;  tha  anti-blaat  hood  being  pre-ereoted. 

At  650  kt  air  speed  with  tha  duany  eaatwd  facing  Into  wind,  tha  oxygen  mask  and  protective  helnet 
ahoeed  no  al«t  cf  disturbance,  although  tha  ereotion  tubes  and  their  attachment  to  tha  perlphaxy  of  tha 
hood  war*  badly  tom.  In  spite  of  this  dan  age  the  duany  feoe  was  effectively  covered  throughout  exposure. 

After  eeeential  repairs,  tha  earns  hood  an*  used  in  a further  test  at  750  kt.  While  adequate  cover 
for  the  fees  ana  given,  tha  visor  bar  md  visor  transparency  were  forced  up  over  the  or  own  of  the  helnet. 

The  oxygen  seek  cam#  off  the  face  *en  one  of  the  suspension  chains  and  the  breathing  tuba  broke.  Both 
were  trapped  inside  the  hood  4>ieh  was  still  oovtxlng  tha  face  end  the  helnet  itself  remained  on  the  head. 
Figure  9 shows  the  extant  of  tha  danaga  suffered  by  the  fabrio  face  hood. 

CONCLUSIONS 

Different  ways  of  protecting  aircrew  from  exposure  to  blast  during  ejection  have  been  under  consideration 
by  various  authorities  for  nany  years.  In  tho  United  Kingdom  the  chosen  device  is  a rigid  helmet  with  an 
automatically  closing  and  sealing  visor.  However,  we  are  encouraging  workers  to  seek  other  solutions  to  the 
problem,  and  the  experiments  described  in  this  paper  sst  out  to  prove  the  feasibility  of  one  such  concept  : 
a fabric  hood  which  is  used  to  protect  the  heod  from  exposure  to  blost  in  ejections  from  aircraft  up  to 
transonic  air  speed. 


Work  on  this  concept  ku  proceeded  it  low  priori <7  over  * period  of  about  10  yaere,  but  the 
accumulated  results  of  our  experiment*  ora  certainly  rsoouraglng,  for  ins  ten  oe,  ejection  tram  tbo  hi4> 
•pood  rookot  sled  and  toata  la  the  Bedford  blast  tonal  ahow  Hut  even  tho  alapio  protective  hairnet 
uiaakllti  oaa  bo  kept  oa  the  hood  during  exposure  to  bloat  up  to  aoale  air  apooda. 

Tho  Cuban*  experiments,  la  aplto  at  tbolr  look  of  auaotaa,  show  tho  iaportaaoa  of  erecting  the 
hood  before  Jettisoning  tho  canopy.  Tbo  development  of  aooaa  of  atoning  and  0 rooting  tho  entl-blest  hood 
haa  boaa  ouooaaaful  la  principle,  although  tho  apaod  of  erootion  (100  aa)  la  too  lo*  for  oodora  require- 
aonta  and  work  io  atill  required  to  out  thia  time  bgr  at  leeat  5#*  This  of  eourao  la  bouad  up  «lth  tho 
develop* ant  of  a aaa  notated  adalaturo  pa  supply  varlt.  Op  to  tho  preeant  tine  only  working  brood-board 
oodola  have  boon  made. 

Clearly,  tho  oxperiaoatal  work  on  thla  project  haa  not  tone  far  enough  but  tho  reaulta  ao  far 
obtained  ahow  that  rigid  totally  encapsulating  halaata  aa  a protaotloa  against  eepoture  to  blast,  oould 
probably  bo  replaced  by  tho  much  aiaplar  and  cheeper  fabric  hood  and  a tends  rd  type  of  protoativa  helast. 
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DISCUSSION 


In  reply  to  questions  froa  deleter,  Thome  atated  that  tha  dumay  hued  seen  in  the  high 
speed  f Lime  (RA£  Bedford  bl*et  testing)  had  been  as  fret  to  move  aa  uould  ba  expected  from  a 
normal ly  articulated  dummy  when  restrained  by  a 5-point  hemes*.  They  had  not  attempted  to 
simulate  human  head  and  neck  response.  Thom*  also  stated  that  helmet  lift  forces  had  not 
been  determined  and  would  probably  provw  impossible  to  measure  within  tha  short  tims  avail- 
able - especially  with  a decaying  turbulent  velocity  profile.  Payne  (U.S.)  considered  that 
the  jet  eise  would  have  been  inadequate  for  accurate  measurement,  and  asked  whether  the  helmet 
was  weakened  in  any  way,  end  what  was  the  strength  of  tha  chin  strap.  He  mentioned  that  two 
kinds  of  helmet  atrap  were  in  use  in  the  U.S.,  with  break  strengths  of  sons  400  - 500  lbs  and 
4-5  lb*  respectively,  and  wondered  in  which  cetegory  the  test  helmet  came.  Thorne  replied 
that  it  was  the  standard  RAP  Hk  2 helms',  with  conventional  strap.  (This  was  originally  fitted 
with  shear  pins  designed  to  break  at  150  - 150  lb,  but  four  year*  ago  the  strength  of  these 
pin*  was  doubled  to  reduce  the  frequent  occurrence  of  he  lout  loss,  and  thsy  have  since  bsan 
eliminated.  The  currant  neck  strap  breaks  at  about  350  - 400  lb  - Ed.) 
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AM  ARM  RESTRAINT  SYSTEM  FOR  EJECTION  SEATS  III  HIGH  PERFORMANCE  AIRCRAFT 


By 

Squadron  Leader  P.H.S,  Gill 
Royal  Air  Korea  lnatituta  of  Aviation  Madicino 
Karnborough,  Hampshire,  UK. 


SUMMARY 

Currant  high  performance  aircraft,  auch  aa  tha  Multi-Rola  Combat  Aircraft  (HRCA)  from  which  ejection 
at  high  epeada  (up  to  650  knots)  ia  likely,  require  aa  arm  reetraint  eygtao.  Thia  papar  describee  the 

raatraint  system  that  haa  been  designed  by  the  Martin  Baker  Aircraft  Co  for  the  KKCA.  The  aystem 
avolvad  compriaoe  a aaat  portion  conaiating  of  two  fixed  length  tepee,  and  a man  portion  incorporated 
into  a sleeved  life  preaerver.  Each  aaat  tape  ia  encloaad  in  a fabric  tube  which  allows  automatic  dis- 
connection of  the  two  portions  during  emergency  ground  agrees.  Tha  system  functions  on  ejection  by 
retractiug  tha  arms  in  a similar  manner  to  MBA  leg  restraint  ayetema.  Tha  development , tasting  and  per- 
formance of  the  eyeteai  is  described.  limited  studies  to  data  have  demonstrated  that  the  proposed  rate 
of  arm  retraction  is  physiologically  acceptable  both  with  the  hands  on  the  firing  handle  end  under  simu- 
lated commended  ejection.  The  uns  restraint  tapea  can  be  routud  unobtrusively  to  prevent  Interaction 
upon  routine  cockpit  movement  during  normal  flight.  The  performance  of  the  arm  restraint  system  during 
ejection  tests  using  dummies  is  also  described. 

INTRODUCTION 

On  ejection  from  an  aircraft,  aircrew  are  immediately  exposed  to  the  air  blast  which  results  in 
forces  seting  on  the  body  strspped  in  the  ejection  seat,  Deceleration  of  tho  mcn-eeet  combination  will 
depend  on  the  dreg  forces  produced  by  aerodynamic  pressure  and  the  body  weight.  As  the  ratios  of  drag 
force  to  weight  for  the  torso  end  tha  limbs  are  dissimilar,  and  because  the  torso  is  better  restrained, 
thare  will  be  relativo  motion  between  the  torso  and  tha  limbs  which  may  result  in  flail  injury,  The 
nature  and  severity  of  the  injury  ere  obviously  dependent  on  the  amount  of  energy  to  be  dissipated. 

Thus  at  relatively  high  indicated  sir  speeds,  an  arm  for  instance  may  either  strike  thu  seat  structuru 
producing  long  bone  fracturus,  or  the  extreme  limit  .of  movercint  of  tha  arm  nuiy  bu  exceeded  resulting  in 
dislocation  or  fracture  dislocation  of  the  shouldar  joint. 

Analysis  of  over  lOOO  nun-combat  ejections  in  the  USAF  (References  1 and  2)  lias  ehown  that  aircrew 
ejecting  at  600  KIAS  or  atuve  will  have  a 1001  probability  of  sustaining  flail  injury.  With  ejection  in 
tho  ragion  of  450-475  KIAS  the  probability  of  injury  is  501,  whileL  it  is  less  than  101  at  speeds  of 
300  KIAS  or  less.  Previous  experience  luia  ehown  that  most  aircrew  ejecting  at  speeds  up  to  &50  KIAS  can 
retain  a grip  on  the  firing  handle  sufficient  to  restrain  the  arms  and  prevent  i lull  Injury.  During 
ejections  at  speada  in  excess  of  450  KIAS  however,  the  forces  involved  muy  pull  thu  arms  away  from  the 
firing  haodls  so  that  they  are  Ireu  to  Hail  with  subsequent  high  probability  of  injuiy. 

As  long  ago  as  the  early  1950'u,  thu  risk  of  flail  injury  was  recognised  by  thu  Martin  Hukor  Aircraft 
Go  and  in  March  1953  the  first  British  ejection  seat  appeared  fitted  wifh  a system  to  restrain  tnc  lower 
limbs.  Although  an  «rm  reetraint  system  was  provided  on  the  Martin  llaki  ( type  ti  ejection  seal  (designed 
for  the  TSK  2 aircraft!  no  seat  currently  used  in  the  KAK  or  KN  is  fitted  with  arm  restraint. 

THE  ARM  RESTRAINT  SYSTEM  KOR  THE  TYPE  10A  EJECTION  SEAT 

With  the  advent  of  current  high  performance  aircraft  such  as  the  MKCA,  the  specification  requires 
that  aircrew  ahull  be  able  l > eject  safely  at  airspeeds  up  to  625  KIAS  at  ground  level.  At  that  airspeed 
the  forces  acting  on  the  arms  would  exceed  that  which  aircrew  could  counter  by  retaining  a grip  oil  Che 
firing  handle  and  Che  probability  ot  arm  flail  injury  would  be  very  high. 

The  development  of  an  arm  restraint  system  fur  this  aircraft  has  been  undertaken  by  the  Martin  Baker 
Aircraft  Co  in  conjunction  with  KAK  1AM.  The  original  design  requirements  included  the  following 
puin'si- 

a.  That  when  the  crew  member  ejects  with  his  hands  on  the  seat  pan  firing  handle  between  his  legs, 
his  arms  should  be  restrained  in  that  position. 

b.  That  aftar  ejection  of  the  seat  from  the  aircraft  there  shall  only  be  just  sufficient  slack  in 
the  aystem  to  enable  him  to  raovi  his  right  hand  over  the  right  thigh  to  reach  the  Manual  Over- 
ride Handle  which  enables  the  crew  member  to  separate  from  the  scat  if  the  normal  seat  automatic 
system  should  fail. 

c.  That  in  the  cess  ot  a command  ejection,  where  one  crew  member  initiates  the  ejection  of  both 
seats  from  r.iie  aircraft,  the  commanded  crew  member  might  have  his  arms  at  any  position  in  the 
cockpit.  The  restraint  system  is  required  in  this  instance  Co  retract  and  restrain  the 
subject's  arms  tovardi  and  against  the  side  of  the  seat  and  prevent  subsequent  flailing, 

d.  It  is  also  required  in  the  MHCA  that  in  the  event  of  a ground  emergency  f lie  aircrew  member  most 
have  no  more  than  three  actions  to  perform  to  fiee  himself  from  the  seal  and  harness  in  order  to 
exit  the  aircraft  rapidly.  The  addition  of  any  connections  between  the  scat  und  the  man  for 
the  arm  restraint  system  must  not  increase  this  number  of  emergency  actions. 


The  arm  restraint  ayatam  must  bo  unobtrusive  and  not  intarfare  with  normal  operation  of  tha 
aircraft  and  mutt,  of  course,  integrate  satisfactorily  with  the  other  items  of  flying  clothing. 


Utt-2 


a. 


Tha  current  design,  now  being  evaluated  in  the  escape  system  test  firing  programs  of  the  MRCA,  is 
in  two  main  portions,  one  mounted  on  the  ma  • and  tha  other  mounted  on  the  ejection  seat.  The  essential 
principles  and  features  of  the  system  are  i, lustrated  in  Figure  1. 

Tha  crew  member  wears  a life  preserver  incorporating  thin  meshed  sleeves.  Each  sleeve  carries  a 
restraint  tape  held  Co  the  sleeve  by  Velcro.  Each  sleeve  restraint  tape  is  continued  up  around  the 
shoulders  and  across  the  back  of  the  life  preserver  waistcoat  to  provide  counter-restraint  when  arm 
retraction  occurs.  The  tape  is  looped  around  two  fixed  webbing  rings,  one  around  the  lower  forearm  and 
tha  other  around  tha  upper  arm.  Each  arm  tape  carries  the  ring  (male)  portion  of  a barrel  connector 
which  is  normally  held  in  position  at  the  upper  end  of  the  tape  by  a thin  tie-thread. 

The  seat  portion  consists  of  two  restraint  tapas,  ona  end  of  which  is  attached  to  the  underside  of 

the  seat.  Each  tape  passes  down  to  « pulley  (attached  to  the  aircraft  floor  by  a sheer  rivet  which 

breaks  at  900  lbf)  and  than  up  through  a 'snubber  unit1  on  the  front  of  the  ejection  seat.  This  con- 
figuration allows  a 2:1  ratio  of  aeat  restraint  tape  'reel-in'  movement  compared  to  seat  movement.  The 

snubber  units  allow  the  tapes  to  travel  in  one  direction  ',nly,  ie  downwards.  Each  eeet  tape  pesaaa  up- 

wards to  the  man,  stowed  for  convenience  under  the  lap  end  shoulder  straps  of  the  eeat  harness.  Etch 
taps  terminates  in  ths  fe.oals  portion  of  the  barrel  connector,  the  union  of  the  connector  being  effected 
on  the  upper  arm.  Each  tapa  is  enclosed  in  a low  friction  fabric  sleeve.  independent  of  the  seat  tape. 
Each  cube  terminates  in  a metal  collar  at  its  lower  and,  reating  on  top  of  the  snubber  unit  end  tie- 
threaded  to  tha  seat  tape.  At  its  upper  end  each  tube  ia  fastened  to  the  retractiug  barrel  of  the 
connector.  It  is  this  tube  which  effects  the  automatic  disconnection  of  the  man  and  aeat  portions  of 
the  system  in  the  ground  emergency  situation,  and  is  described  later.  Tha  length  of  the  enclosed  aeat 
tape  system  is  the  some  for  all  seats  and  all  subjects. 

Ths  system  works  in  the  following  manner;  as  the  seat  starts  to  move  upwards  at  the  commencement 
of  the  ejection  sequence,  ths  seat  tapes  (still  anchored  to  the  aircraft  floor  at  the  pulley)  are  pulled 
through  the  snubber  units,  breaking  the  tie-threads  to  the  outer  tubes.  When  tension  is  transferred  to 
the  barrel  connectors,  the  tie-threads  on  the  ring  portion  ere  broken,  each  ring  ia  pulled  down  the  arm, 
separating  the  sleeve  tapes  from  their  Velcro  fastaning.  At  a point  determined  by  the  inclusion  of  a 
•jctal  ball  ‘stop’  in  each  seat  taps,  the  lines  cannot  be  pulled  through  the  snubber  units  any  further, 
the  load  is  transferred  to  chs  sheer  rivete  on  the  aircraft  floor;  these  break,  separating  the  scat 
entirely  from  the  aircraft.  Thus  as  the  east  leaves  the  aircraft,  the  ejectee's  arms  sre  restrained 
towards  either  the  firing  handle  or  the  sides  of  ths  seat.  The  fabric  sleeve  enclosing  each  seat  tape 
merely  crumples  down  on  itself  and  plays  no  part  in  the  restraint  system  during  ejection. 

Figure  1 also  illustrates  the  configuration  of  the  retracted  arm  restraint  system  as  it  would  be 
shortly  after  the  initiation  of  ejection;  the  outer  tube  is  concertlnered  down  and  the  arm  ia  being 
restrained  towards  the  seat  firing  handle.  When  the  crew  member  separates  from  the  seat  later  in  tha 
ejection  sequence,  the  seat  tapas  are  automatically  cut  through,  just  above  the  snubber  units,  thus 
releasing  ths  man's  arms. 

As  stated  earlier,  the  function  of  the  outer  tubes  is  to  effect  automatic  release  of  the  seat 
portion  from  the  man  portion  on  rapid  egress  from  the  seat  on  the  ground.  The  outer  tube  ia  slightly 
shorter  than  the  enclosed  tape  so  that  as  the  crew  member,  having  released  the  other  connections  between 
hi-.self  and  ths  seat  (ic  disengage  the  harness  Quick  Release  Fitting,  disconnect  tha  Personal  Survival 
Pack  lanyard,  manually  disconnect  the  can  portion  Personal  Equipment  Connector  from  the  seat  portion 
PEC),  stands  up  in  the  cockpit  the  tube  becomer  taut  end  retracts  the  barrel  of  the  connector.  The 
latter  releases  the  male  portion  on  the  slsave  of  the  life  preserver. 

PERFORMANCE  OF  THE  SYSTEM 

Following  Che  initial  development  of  the  system  and  a trial  to  evolve  a practical  strapping  in  drill 
for  the  aircrew,  several  laboratory  exercises  have  been  carried  cut  as  parr  of  the  general  evaluation  of 
the  ejection  seat  for  the  MRCA.  One  trial  involved  seversl  hundred  simulated  emergency  ground  egresees 
from  a mock-up  cockpit  to  investigate  the  behaviour  of  the  automatic  disconnect  system.  On  every 
occasion  the  seat  arm  restraint  tapes  separated  cleanly  from  the  sleeve  portions  of  ths  system,  thus 
ensuring  veiy  rapid  egress  from  the  cockpit  (egress  times  were  in  the  order  of  3-4  seconde) . A further 
exercise  showed  that  for  any  one  aircrewman,  the  quality  of  restraint  was  satisfactory  irrespective  of 
the  bulk  of  hie  flying  clothing.  Following  on  from  that,  and  using  subjects  spanning  the  snthropo- 
metiic  range  of  aircrew  siza,  the  length  of  the  tube  system  on  the  seat  was  defined,  and  similarly  the 
position  of  the  ball  'stop'  in  the  seat  tape.  More  recently  a sizing  trial  has  been  performed  to 
determine  che  number  of  sizes  of  jleeved  life  preservers  required  to  cover  the  full  sire  range  of  air- 
crew, taking  into  account  the  different  bulks  of  the  various  clothing  assemblies  to  be  worn.  It  was 
concluded  chat  only  two  sizes  of  the  basic  garment  will  be  required. 

The  optimal  length  of  the  restraint  'tape  on  each  sleeve  of  the  life  preserver  has  yet  to  be  deter- 
mined. The  object  of  any  future  work  would  be  to  define  how  many  sizes  are  needed  and  secondly,  to 
analyse  the  quality  of  restraint  when  only  two  sizes  of  sleeve  tapes  (one  for  each  size  of  life 
preserver)  sre  used.  Any  compromise  on  the  sizing  of  the  man  mounted  portioi.  of  the  arm  restraint 
system  will  have  to  be  weighed  against  ideal  restraint. 

Simulating  ejection  in  Che  laboratory,  extensive  studies  have  been  carried  out  to  evaluate  the 
problems  of  arm  retraction  and  then  restraint  during  self-initiated,  and  commanded  ejection.  In  this 
latter  instance  the  arms  will  be  positioned  outside  the  thighs  due  to  inertial  forces,  and  then  held 
against  the  side  of  the  seat  by  the  restraint  system.  The  arm  restraint  system  was  operated  at 
realistically  high  speeds  (ie  80-110  milliseconds)  to  determine  the  possibility  of  injury  to  a subject 
whose  hands  were  cither  on  the  extracted  firing  handle  or  outside  the  seat  pan.  Only  minimal  injury  to 
the  hands  occurred  and  was  of  little  significance.  It  was  concluded  that  the  rapid  application  of  arm 
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rstractioa  and  restraint  within  100  milliaacooda  la  unlikaly  t>  inconvenience  aircrew  in  an  ejection 
situation.  During  tbia  work,  the  degree  of  flexion  of  the  epine  and  angular  rotation  of  the  bead  that 
occurred  aa  a reeult  of  high  epeed  an#  retraction  wat  assessed  at  eat  i»f actor;' . 

Dynamic  operation  of  the  arm  reatrainr  ayatem  haa  ehown  that  the  ahape  of  any  ancillary  pockett 
(eg  Personal  Locator  Beacon)  on  the  life  praaerver  waiatcoat  ia  important  to  enaure  acag  free  reel-in  of 
the  aeat  arm  raatraint  tapea.  Square  edged  pockete  cauae  snagging  of  the  aeat  tapea  which  becooee  pro- 
greaaively  more  aevera  the  larger  the  aircrew  eize,  and  the  further  hack  the  araa  are  pre-poaitioned 
outaida  the  aeat  pan.  Snagging  ia  prevented  by  adding  a wedge  ahaped  fillet  to  the  top  edge  of  any 
pocketa  on  cha  front  and  aide  of  the  life  preeerver  waiatcoat. 

The  early  prototype  aeat  and  aleeve  arm  restraint  tapea  were  aaaociated  with  poor  quality  of 
reatraint  which  waa  shown  to  be  due,  in  part,  to  exceaaive  atretch  (up  to  36Z  in  length  at  1000  lbf) 
under  load  of  the  material  of  which  the  tapea  were  conatructed.  The  current  arm  reatraint  ayatem  is 
conetructed  from  tapea  which  have  bean  pre-atretched  and  heat  aet  during  manufacture,  and  which  exhibit 
only  a email  amount  (leas  than  7X  at  1000  lbf)  of  atretch  under  load. 

The  Herein  Baker  Aircraft  Co  and  the  airframe  manufacturers  are  currently  carrying  out  a complete 
teat  prograaaaa  of  the  escape  system  for  the  MKCA.  To  summarise,  the  -eaulfs  to  date  have  shown  that 
the  arm  restraint  ayatem  haa  functioned  adequately  in  principle,  but  the  degree  of  arm  restraint  haa 
proved  to  be  less  than  was  anticipated.  Various  theories  have  been  put  forward  to  explain  this 
apparent  anomaly.  It  lias  been  suggested  that  the  load  required  to  retract  the  arms  against  the  wind- 
blast  forcee  as  the  seat  emerges  from  the  cockpit  is  greater  than  the  strength  of  the  sheer  rivet  on  the 
aircraft  floor,  and  thus  premature  separation  of  this  rivet  is  occurring  with  subsequent  reduction  in 
the  quality  of  arm  retraction  and  reatraint,  Evidence  exists  to  support  another  suggestion  that,  full 
srm  retraction  and  restraint  having  been  applied  early  in  the  ejection  sequence,  the  windblast  forces 
later  in  the  ejection  sequence  pull  the  seat  arm  reatraint  tapes  back  through  the  snubber  units  with 
resultant  reduction  in  the  quality  of  atm  restraint.  This  latter  observation  is  being  overcome  by  the 
Martin  Baker  Aircraft  Co  redesigning  the  mechanism  of  the  snubber  unit.  These  problems  could  possibly 
be  overcome  in  the  future  by  devising  a powered  'inertia  reel'  system  to  retract  the  arms  prior  to  seat 
movement.  The  upper  limbs  would  then  be  fully  retracted  and  more  easily  restrained  before  the  ran-seat 
complex  entered  the  windblast. 

However,  the  test  programme  to  date  has  demonstrated  chat  safe  ejection  at  high  air  speeds  is 
possible,  and  that  the  current  arm  restraint  system  for  the  ejection  seat  in  the  MKCA  will  prevent  a 
large  proportion  of  those  major  flail  injuries  that  would  otherwise  occur  during  high  speed  ejection 
without  any  restraint  system  whatsoever. 

The  vsrious  studies  undertaken  by  RAF  1AM  during  the  evaluation  of  the  arm  restraint  system  for  the 
Type  10A  ejection  seat  for  the  MRCA  are  detailed  at  References  3-6. 
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DISCUSSION 


The  Chairman  commented  upon  the  rebound  of  the  retracted  arms  which  was  apparent  in  the 
high-speed  films.  Gill  replied  that  this  was  an  experimental  artefact  and  would  not  occur  in 
a real  life  ejection.  It  was  occasioned  by  the  need  to  make  a single  set  of  arm  restraint 
tapes  last  for  some  160  tests.  The  snubber  units  had  been  unlocked  and  the  actuating  force 
(a  falling  weight)  was  discontinued  just  before  the  bail  stop  reached  the  snubber  ui.it. 


ON  PUSHING  BACK  THE  FRONTIERS  OF  FLAIL  INIUBY 
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Sususanv 

Under  combat  conditions,  limb  flail  injury  in  U.S.  open  ejection 
seats  baa  proven  to  be  a severe  problem.  Very  roughly,  about  half  of  all 
combat  ejectees  suffer  flail  injury  or  death,  according  to  the  estimates 
in  this  paper. 

The  problem  can  be  avoided  by  providing  (and  using)  active  limb 
retention  cuffs  and  garters,  or  passive  limb  entrapment  devices, 
although  the  latter  require  that  the  seat  fly  stably  after  leaving  its  rails. 

Adequate  passive  entrapment  devices  have  been  demonstrated  in  the 
wind  tunnel,  using  volunteer  subjects.  More  than  adequate  seat 
stabilising  devices  have  also  been  demonstrated  in  roll-scale  wind 
tunnel  testing,  and  by  air  drops,  as  part  of  an  unconnected  but 
analogous  U.S.  Army  program.  Both  limb  entrapment  and  seat 
stabilization  systems  can  be  readily  and  inexpensively  retrofitted  to 
most  csisting  escape  systems.  Thus,  there  is  no  technical  reason,  it  is 
suggested,  for  accepting  a high  incidence  of  flail  injury  in  the  future. 

The  paper  concludes  with  a description  of  a new  kind  of  "extraction 
escape  system"  which  offers  h $>c.  not  only  of  avoiding  the  high  speed 
problems  of  esisting  tractor  rocket  escape  systems,  but  also  of 
substantially  reducing  system  volume,  cost  and  weight,  as  well  as 
simplifying  the  flail  injury  problem. 

Flail  iNtunv  iNctoiNca  as  a Functio  n or  Speed 


Although  ejection  seett  have  been  in  service  for  over  thirty  years,  il 
has  only  recently  been  possible  to  audit  the  performance  of  some  U.S. 
escape  systems  under  the  combat  conditions  for  which  they  were 
conceived.  It  is  the  thesis  of  this  paper  that  many  U.S.  escape  systems 
have  performed  rather  poorly  under  these  conditions.  Necessarily,  the 
evidence  on  which  this  thesis  is  based,  is  not  as  simple  and  downright 
as  one  would  like  to  see. 

Until  recently  it  was  fashionable  to  aver  that  flail  injury  was  not  a 
problem,  "because  its  overall  incidence  was  only  a few  percent". 
Miraculous  injury  free  escapes  at  600  knits  were  widely  quoted  as 
evidence  that  speed  was  not  a factor. 

In  early  1971.  lames  W.  Brinkley*  asked  us  to  quantity  the 
relationship  between  flail  injury  and  escape  speed  in  probablistic  terms. 
After  a considerable  struggle  ( reported  in  Reference  I)  we  found  that 
there  was  not  only  a strong  dependence,  but  a unique  dcocndencc  on 
speed,  for  flail  injury  in  USAF  non-combat  experience,  and  that  Ihis 
was  confirmed  by  USN‘  and  early  RAF1  csperience.  The  result,  slightly 
modified  by  more  recent  data,  is  plotted  in  Figure  I.  Experimental 
measurements'  of  grip  retention  force,  and  a simple  mathematical 
model  of  arm  flail  dynamics'  provided  an  adequate  explanation  of  the 
observed  phenomenon  for  arm  flail,  and  by  inference,  for  leg  flail  as 
well.  The  equation  for  Figure  I is 


P of  F = 


f v'e-(v--M)V 2o' 

! n J.m 


Where  p = 245.000  (knots1)  For  M f Ul,  ,njur). 
o = 100,000  (knots') 


figure  1 — Probability  ol  flail  injury  as  a function  ol  escape  speed 
The  curves  are  given  by  equation  (1) 


The  Escape  Speed  Proeaiility  Distribution  and  Its  Use  in 


PeEDTTING  FlAIL  iNtUNY 

Knowing  the  P of  F variation  with  speed,  we  can  determine  the 
overall  magnitude  of  the  flail  problem  if  we  know  the  speeds  at  which 
pilots  eject.  This  should  be  another  probability  curve,  of  course.  In 
fact,  it  turns  out  that,  under  non-combat  conditions,  the  escape  speed 
distribution,  with  astonishing  accuracy,  is  a "gamma  distribution", 
given  by 


CP  of  E = 


pa  +1  rio  + 1)  y„ 


Where  o = p Vo'-I 
ft  = o'/p 

ria  + 1J  is  the  gamma  function  of  argument  (fl  + I) 

For  non-combat  USAF  escapes' 

P = 240.1  knots 
a = 95.1  knots 

The  astonishing  thing  about  this  function  — at  least  to  an  engineer 
who  is  not  a wholehearted  believer  in  statistical  theory  — is  that  one 
merely  computes  p and  o from  the  raw  data,  and  equation  (2)  then 
describes  a curve  which  comes  very  close  to  all  the  data  points;  as 
Figure  2 shows.  In  non-dimensional  form,  equalinn  (2)  becomes' 


cp  oi  t - 


* “ (J‘n0,s‘)  For  Major  Flail  Injury 

o-  103.000  (knots') 

Flail  injury  occurs  because,  after  the  arm(s)  or  leg(s)  have  broken 
away  from  their  "stowed"  or  i; Trial  position,  they  build  up  a substantial 
velocity  relative  to  the  torso  and  scat,  before  reaching  a "stop".  This 
"stop”  may  be  Dart  of  the  teat  structure,  the  limit  of  travel  of  a -oitit. 
or  a combination  of  both.  At  high  speeds  the  "stop"  is  encountered 
with  such  force  that  bone  or  ioir.t  fracture  results. 

Figure  I is  necessarily  a rather  gross  relationship  for  "all  seals". 
Because  of  differences  in  system  d ;ign.  leg  support,  stabilization,  and 
so  on,  we  should  espect  different  curves  for  different  seat  designs. 
Unfortunately,  if  we  limit  the  analysis  to  s particular  seat,  the  number 
of  data  points  is  sc  much  reduced  that  the  probability  of  fltil  (P  of  F) 
estimate  is  very  inaccurate.  For  the  time  being,  therefore,  it  would  seem 
that  "better"  and  "worse"  seats  must  be  judged  on  the  basis  of 
engineering  common  sense,  rather  than  statistical  performance 
analysis. 


•Chief.  Impact  Branch.  Biodynsmics  and  Bionics  Division,  6570th  Aerospace 
Medical  Research  Laboratory.  Aerospace  Medical  Division.  Air  Force  Systems 
Command.  Wnghl-Pattenon  Air  Force  Base.  Ohio  45433 


Where  <J>  = (p  'o  )'.  as  index  ot  precision 
X v/p,  the  normalized  speed 
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Figwe  2 USAF  ncn-combal  probability  ol  eieclmg  as  a function  ol 
sceed.  from  Payne  & Hawkei1 
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Mathematicians  will  recognize  ther  equation  (3)  is  eiplicitly 
integratable  for  integer  value*  of  X;  another  surprising  attribute  of  the 
gamma  distribution! 

the  differential  of  12).  gives  the  distribution  function 


P of  E 


v^c-^g 

gfl+1  n«+  t) 


(4) 


Which  it  the  probability  of  ejecting,  per  knot  of  speed.  Its  integral 
is  unity.  If  we  multiply  equations  (I)  and  (4).  and  integrate  the  product 
we  get  the  total  flail  incidence  (T.F.I.) 

i.e..  T.F.I.  = J " P of  F.)  x (P  of  E)  dv  <S) 


For  the  data  in  Figures  1 and  2 the  result  of  such  a calculation  is  as 
follows 


USAF 

Naw  f— that  Eiperienrs 

EqueHan  (S|  ~ ' “ „ . . . 

Payne  A Ring,  Bcinkky 

Hawkar1  A Noyaa1 


Tout  Flail  Incidence  S.14%  5.20%  6.88% 

Total  Major  Flail  Incidence  3.43%  - 4.41% 

(It  should  be  noted  that  the  Figure  2 speed  distribution  is  not  bated 
on  the  same  population  as  the  Figure  1 data,  and  that  this  probability 
esplaint  the  discrepancies  between  predicted  and  calculated  flail 
incidence.  Payne  and  Hawker',  using  consistent  populations,  obtained 
5.63%  tbn  .etical.  against  5.70%  observed.) 

If  we  know  the  escape  speed  distribution,  therefore,  it  would  seem 
that  we  can  deduce  the  flail  incidence  from  this  rather  simple 
calculation.  Thu  is  useful,  because  in  combat  situations  the  ejection 
speed  may  be  the  most  precisely  known  data  available. 

For  one  reason  and  another,  the  direct  assessment  of  flail  injury 
incidence  in  combat  escapes  is  not  very  precise.  If  the  crew  member  is 
recovered,  the  examining  Medical  Officer  is  not  necessarily  looking  for 
injury  cause,  and  may  r.ot  correctly  identify  the  cause.  P.O.W.  data  is 
even  less  precise,  requiring,  as  it  docs,  a certain  degree  of  self-diagnosis 
by  essentially  unqualified  personnel.  Also,  we  are  asking  (he  P.O.W.  to 
recall  events  of  several  years  ago.  as  part  of  a very  traumatic  situation, 
and  upon  which  other  painful  and 'or  injurious  experiences  may  have 
been  directly  imposed.  Ihcre  is  no  M.I.A.  data  s'  all.  Thus  estimates 
based  on  equation  (5)  must  be  given  substantial  weight,  in  the  absence 
of  better  data. 


C'ostaaT  Escape  Speed  PisTmurriows 

Escape  speed  distributions  for  USN  recovered  and  P.O.W.  aviators 
are  given  by  Every  ' *,  and  USAF  P.O.W  escape  speeds  by  Kittcnger*. 
USAF  lecovered  crew  member  data  are  unfortunately  not  yet  in  the 
open  literature. 

The  corresponding  distributions  are  shown  (non  dimensionally)  in 
Figures  3-5.  The  USAF  P.O.W.  data  is  a poor  fit;  this  may  be  real,  or 
it  may  represent  errors  in  (he  data  p. ocessing.  a possible  fruitful 
question  for  someone  to  investigate. 

When  all  the  distributions  are  plotted  together,  as  in  Figure  b.  it  is 
obvious  that  they  arc  all  rather  similar  in  non-dimensional  torm.  That 
is  to  say.  their  variances  are  very  similar,  and  only  the  absolute  means 
differ. 


These  mean-  speeds  are  as  follows 
USAF  Non-Combat1 
USN  Non-Combat* 

USN  Recovered  Crew  Members' 
USN  P O.W.  Crew  Members1 
USAF  P.O.W.  Crew  Members' 
Average  of  ail  P.O.W. 's 


240  Knots 

211  Knots  U%7-71| 

.121  Knots 

428  Knots 

188  Knots 

413  Knots 


These  numbers  are  clecrly  very  significant.  On  the  average, 
recovered  pilots  punched  out  at  speeds  110  knots  taster  thao  in  a 
peacetime;  P.O.W.  pilots  at  much  higher  speeds  still.  Is  there  yet  a 
fourth  and  still  higher  mean  speed  for  M.I.A.  pilots?  If  so,  perhaps 
major  flail  injury  is  a major  cause  of  M.I.A  Or  perhaps,  for  the  same 
reason,  the  M.I.A.  pilots  are  the  upper  end  of  a more  comprehensive 
speed  distribution,  the  P.O.W.'s  representing  the  lower  end.  It  might 
be  possible  to  test  such  hypotheses  by  compiling  a speed  distribution 
for  M.I.A.  escapees,  based  on  observations  of  their  companions  in  the 
air  at  the  time  they  escaped. 


Figure  3 — Cumulative  ptobability  bt  ejection  as  a luncbon  of 
normalized  ejection  speed  lor  recovered  Navy  pilots4 
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Figure  4 — Cumulative  probability  of  ejection  as  a function  of 
normalized  ejection  speed  lor  Navy  ROW  pilots5. 


figure  5 - Cumulative  prcbabilily  ot  ejection  as  a function  ol 
normalized  ejection  speed  tor  IJSAF  ROW  pilots^ 
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fajwe  6 — Cumulative  p.-cbabiiily  of  election  as  a lunction  ol 

*Approximalc!y.  from  Naval  Safety  Center  Oats  analyzed  in  Reference  5 ror malized  ejection  speed 
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Cox » at  Ft  ail  jwuit  Btiiwm 

The  dimensional  ipeed  distributions  ere  given  in  Figures  7 »nd  6. 
Using  equation  (S)  in  conjunction  with  Figures  1 and  8 we  obtain  the 
following  estimates 


% AH  Flag 

% Majwr  Flail 

Wer? 

USAF  Non-Combat 

5.14% 

3.43% 

USN  Recovered  Crew  Members 

IS.  78% 

12.06% 

USN  P.O.W.’s 

40.30% 

33.79% 

USAF  P.O.W.’s 

29.51% 

24.60% 

Now  these  figures  are  based  on  the  evidence  of  those  who  came  back 
to  tell  us  about  it.  so  they  represent  the  lower  bound  (FI(J  of  our 
estimate.  An  upper  bound  (Flu)  is  obtained  by  assuming  that  all  dead 
and  M.I.A.  crew  members  suffered  Hail  injury.  Then  if  m is  the 
number  misting  (M.I.A.  plus  known  killed)  and  p is  the  number  of 
P.O.W.’s,  the  upper  bound  flail  incidence  is 

Fiu  » !£!ki£jL!!L  (b) 

“ p + m 

a 72.60%  for  Navy  data  (p/m  m 0.85,  FIl  = .402) 

The  refinement  of  these  estimates,  and  filling  in  the  many  blanks 
will  have  to  be  left  to  others,  since  the  writer  does  not  have  access  to  all 
the  relevant  data.  But  we  might  tentatively  conclude  that  safety  systems 
which  kill.  maim,  or  injure  about  half  the  people  who  use  tiicm  cannot 
be  regarded  as  fully  developed. 


Avo.dino  Flail  Imuav  in  ths  Ftmmg 

Appendii  A is  a little  exercise  in  elementary  hydrodynamics  which 
suggests  that  there  it  nothing  inherently  dangerous  about  the  ram  air 
pressures  associated  with  600  knots  I.A.S..  or  indeed  with  twice  that 
speed.  Several  other  examples  could  be  cited.  In  a rather  bbarre 
incident1*  the  writer’s  wife  inverted  an  experimental  boat  at  41.6  mph, 
in  such  a way  that  both  she  and  the  writer  were  "ejected  downward" 
from  rather  narrow  cockpits,  at  dynamic  pressures  in  excess  of  3.000 
Ib/ft'  without  injury.  Fryer"  subjected  himself  to  1,000  Ib/ft*  for  nearly 
half  a minute,  without  serious  injury.  And  the  list  could  be  continued. 
This  admittedly  indirect  evidence  would  teem  to  Indicate  that  the  only 
serious  impediment  to  the  use  of  open  ejection  seats  at  high  speed  is 
flail  injury. 

Flail  injury  can  be  avoided  in  two  ways: 

• By  active  restraint  with  garters  and  cuffs 

• By  passive  “limb  entrapment"  devices 

Carters  and  cuffs  may  be  the  best  solution,  to  long  at  crew 
members  ate  willing  to  wear  them,  and  they  can  safely  support  against 
limb  tide  loads  which  may  be  as  high  as  half  a ton*- " . The  alternative 
ot  passive  entrapment'*,  such  as  the  nett  shown  in  Figure  9 requires 
that  the  seat  alto  fly  stably,  pointing  In  the  direction  in  which  it  is 
going.  But  is  this  wholly  bad?  Excessive  spin  rale  Is  another  cause  of 
Injury  at  high  speed,  albeit  nol  as  well  documented  as  Rail. 
References  12  and  13  report  on  so-called  "in-plane  stabiliser  plates" 
which  can  piuht-hly  stabilize  any  new  or  existing  open  ejection  seat  and 
eliminate  the  need  for  a drogue  chute.  Such  in-planc  stabilisers  are 
illustrated  conceptually  in  Figure  10.  and  reduced  to  practice,  for  a 
dilTercnl  application,  in  Figure  11. 


hguio  9 — Passive  restraint  nets  originally  proposed  by  Brinkley, 
unde'  wind  tunnel  evaluation1 2 


Figure  / Summary  ol  cumulative  probability  ol  ejection 


Figure  8 Summary  ol  escape  speed  distribution 


Why  Abu  Combat  Kscauu  Spued*  So  Hioh? 


This  is  a large  subject  with  many  ramifications,  and  there  is  nol 
space  to  attempt  a detailed  analysis  here.  The  writer  would  merely  like 
to  suggest  that  combat  speeds  are  the  "real"  speeds  for  which  seats 
should  have  been  designed.  In  peacetime,  after  flail  injury  was  first 
tentatively  recognized,  we  urged  pilots  to  slow  down  before  ejecting, 
and  the  "slow  down"  indoctrinations  worked  pretty  well  — in 
peacetime*.  What  we  should  have  done  was  to  fix  the  seats. 


•With  • mean  escape  sjjeed  ot  knots,  it  is  arguable  whether  non  combat, 
non-carrier  pilots  need  ejection  sears.  The  speeds  are  quite  low  by  World  War 
II  siandards. 
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BOTTOM  PLATE  POP  PITCH  TUB! 

AND  PITCH  STABILITY. 

Figure  10  — "In-piane  stabilizer”  plates'^  have  been  shown  to 
stabilize  a seal  satislactonly  in  lull-scale  wind  tunnel  tests 


Figure  II  — "In-plane  stabilizer"  plates  have  proven  very 
sucr.osslul  m stabilizing  these  an  dropped  containers  The 

photograph  i6  ol  a half-scale  model  under  wind  tunnel  lest  tor  U S. 
Army  Natick. 


An  Aite«n«tivk  Aumoactt 

Perhaps  the  time  hu  come  to  consider  alternative!  to  ejecting  the 
crew  member  in  a teat.  If  we  look  at  the  basic  problem  of  getting  a 
man  away  from  hit  aircraft,  we  tec  that  it  ia  necessary  to  accelerate  him 
In  a direction  roughly  normal  to  the  aircraft  trajectory;  up,  down  or 
sideways.  We  can  accomplish  this  acceleration  by  pushing  or  pulling, 
and  a little  calculation  shows  that  we  need  between  lOg  and  20g.  if  the 
man  it  to  be  sure  of  clearing  the  aircraft  structure. 

In  practice,  all  current  escape  systems  eject  upwards,  despite  the  fact 
that  this  usually  means  a fin  must  be  cleared.  Sideways  ejection  would 
present  severe  wing  clearance  problems  with  many  aircraft  (although  it 
is  feasible  from  helicopters),  and  downwards  ejection  it  unfeasible  at 
the  low  altitudes  at  which  many  escapes  occur.  An  additional 
advantage  lo  upwards  ejection  it  that  it  enables  the  so-called 
"zero  zero”  capability  to  be  achieved. 

Having  established  the  direction,  the  next  question  it  whether  to 
push  or  pull  the  man  out.  Because  of  his  Jointed  deformable  structure, 
man  is  not  well  adapted  for  pushing  unless  an  auxiliary  supporting 
structure  — a bucket  — it  provided.  Fortunately,  the  chair  which  man 
invented  to  ease  the  structural  rigors  of  the  earth's  one  g acceleration 


still  works  well  at  the  higher  accelerations  needed  foe  aircraft  escape,  so 
long  et  the  torso  end  beck  muscles  ere  supplemented  by  e shoulder 
hernass  end  test  beck  to  prevent  the  spine  from  buckling  over.  The 
ecceleretion  force  is  directly  applied  to  the  seat  pen,  which  directly 
accelerates  the  upper  legs  and  lowar  torso.  The  supported  spine 
“pushes"  the  upper  torso  and  heed,  end  the  lower  legs  ere  "pulled"  by 
the  knee  joints. 

It  is  unfortunate  that  the  acceleration  needed  to  clear  the  aircraft 
Induces  loads  in  the  spine  which  ere  high  enough  to  cause  t significant 
probability  of  vertebral  fracture.  We  may  be  forced  to  "live  with”  e 
vertebral  fracture  rate  of  S%  or  so  because  the  alternative  Is  a higher 
death  rate  due  to  fln  impact.  (Vertebral  injury  rite*  at  high  as  40% 
htve  been  experienced  with  new  or  modified  escape  systems,  but  this 
his  usually  been  traced  to  engineering  mistakes  in  configuration, 
cushion  dynamics  end  so  on.  Subsequent  modifications  have  usually 
brought  these  “high"  rates  down  to  "acceptable"  levels.) 

The  alternative  to  pushing  a seat  out  it  pulling  out  either  the  men 
alone,  or  the  teat/man  combination,  as  in  the  tractor  rocket  system. 
The  reader  may  object  that  this  is  playing  with  semantics,  so  far  as 
physiological  problems  arc  concerned,  because  most  of  the  force  Is  still 
applied  in  the  region  of  the  pelvic  girdle.  But  a properly  designed 
harness  can  also  support  the  mai  under  the  arms  to  that  the 
compressive  force  in  the  spine  is  reduced.  It  seems  possible  that  with  a 
prqoet  balance  of  harness  resiliency,  spinal  loads  could  be  reduced  to 
an  apparent  DKI*  design  value  of  say.  Sg.  with  the  eipcctallon  that 
operationally,  (he  figure  would  vary  from  0 to  10  g because  of  variations 
In  til.  body  dynamics  and  materials. 

liven  if  this  balsnce  of  forces  is  unfeasible,  extraction  by  means  of  a 
harness  (perhaps  with  ausillary  torso  support)  Is  a viable  alternative  (o 
seat  ejection:  as  the  many  successful  low  speed  escapes  with  the  Stanley 
YANKEE  system  attest.  Robert  M.  Stanley  and  hit  team  have  clearly 
achieved,  in  the  YANKEE  Tractor  Rocket  Extraction  System,  a 
notably  different  and  Innovative  solution  to  the  eserpe  problem,  and 
one  which  appears  lo  be  very  effective  al  low  and  medium  air  speeds 
At  high  escape  air  speeds,  present  Indications  arc  that.  In  Its  present 
form,  the  tractor  rocket  is  likely  to  be  less  successful,  for  detailed 
engineering  return,  some  of  which  arc  discussed  In  Reference  14.  In 
particular.  Hall  Injury  is  likely  lo  be  severe.  But  this  It  not  Inherent  in 
the  concept  of  vx  tract  Ion  Itself,  rather  the  reverse  is  true,  as  the  divers 
at  Acapulco  -ii'pendix  A)  arc  trying  to  tell  us.  The  high  speed  Hail 
potential  of  present  extraction  systems  Is  due  to  the  fact  that  they  do 
not  extract  the  man  In  the  proper  way.  so  that  he  can  more  or  leu  dive 
headfirst  into  Ihe  relative  airflow. 

The  development  of  a tractor  rocket  suitable  lor  high  speed  escape 
iv  clearly  a considerable  undertaking,  and  has  yel  to  lie  achieved. 
Existing  (spin  stabilized)  tractor  rockets  seem  to  have  the  following 
delects  al  high  speeds: 

(a)  They  arc  not  acrodynamically  stabilized,  so  that  the  pltchup 
aerodynamic  moments  cause  them  to  prccctt  in  roll. 

(b)  Because  of  high  drag  and/or  insufficient  forward  Inclination  of 
their  trajectory,  they  do  not  fly  In  the  righl  position  to  pull  the 
crew  member  out  "head  first  into  the  flow"  (Figure  12).  even  if 
the  pendant  linelsl  had  zero  aerodynamic  drag.  (As  shown  in 
Reference  14.  the  crew  member  has  an  inherent  tendency  to 
"hack  somersault"  out  ol  the  cockpit  and  end  up  feel  first. 
T his  is  hitihly  undesirable  Irom  a flail  injury  point  of  view,  and 
must  be  countered  by  a powerful  “forward  and  up"  pull  on  the 
pcndantlv)  it  the  crew  member  is  lo  successfully  "dive"  into  Ihe 
flow,  as  in  Figure  12.) 

(c)  Since  rocket  development  is  inherently  expensive,  rectification 
ol  delects  (a)  and  lb)  is  likely  lo  I'c  expensive. 

id)  The  crew  member  acceleration  does  not  start  until  line  stretch, 
which  may  be  as  long  a 0.16  seconds  alter  the  rocket  has  left  Its 
mortar. 

T hese  considerations  led  us  to  the  conception  of  an  "inertial  escape 
system"  which  employs  a simple  high  velocity  mass  instead  of  a rocket.  A 
pendant,  connected  to  this  mass,  extracts  ihe  crew  member.  The  high 
velocity  kinetic  energy  of  Ihe  mortared  mass  or  ball  is  "transformed"  to 
u physiologically  tolerable  acceleration  on  the  man,  cither  by  pendant 
resiliency  or  by  a slipping  clutch.  These  two  alternative  versions  arc 
illustrated  in  Figures  13  and  14. 

Conceptually,  the  resilient  lanyard  system  is  the  easiest  to 
understand.  It  sutlers  from  the  disadvantage  that  it  can  only  be  used 
effectively  al  lower  speeds  (less  than  3S0  knots  say)  and  in  situations 
where  the  airetalt  roll  rate  is  less  than  about  SO  100  degrees/second 
during  the  escape;  figures  which  can  be  improved  lo  some  extent  by 


•OKI  Dynamic  Response  Index  as  defined  in  Reference  IS. 
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giving  the  crew  mambat  Uiaral  Nippon  (smooth  mi  alda  panels,  lor 
eiempk)  or  by  imaging  far  (ho  mu  to  move  port  way  with  him, 
moving  upwards  am  rails;  or  by  running  Um  peed  eat  through  • filtbil 
•bon  Um  cockpit,  but  braced  to  tho  fawlage  structure. 

In  contract,  the  slipping  dutch  system  transmits  the  fail  upward 
accelstatloe  to  the  craw  membar  almott  iaitaotly  (about  one 
miUiwcoad)  and  nmovw  him  to  rapidly  that  toll  rata*  at  over  100 
degree* /second  may  be  tolerable  without  sped*)  lateral  tupport 
ptoviaioa.  Prate  at  ladlcaikmi"  are  that  it  may  be  uted  tafaly  (up  to  at 
leeu  tOO  hood  BAS)  without  diaper  oi  Mtiout  limb  flail  Injiry, 
bactute  the  mao  “diem”  Into  the  airflow,  end  became  the  balUslk 
coefficients  of  hk  eariout  segments  an  tlaUlar,  la  the  absence  of  a teat 
•urn  attached  to  hu  lotto. 

Either  tyttem  could  reprewat  a eubttaatla!  coat  and  weight  taelngi, 
relative  to  a rocket  extract  loo  tyttem.  Development  coat*  thou  id  be 
much  lower  beceute  gun  davriopmeel  U Inherently  low  cot  I,  compered 
with  rocket  development.  In  the  clutch  tyttem.  the  edvtrte  lanyard 
aerodynamic  effect*  an  eipecttd  to  be  mlnltnlted  became  the  lanyard 
will  alweyt  be  In  tcotioa.  Additionally,  the  lanyard  diameter  may  be  an 
order  of  magnitude  lete  than  the  I Imm  uted  on  the  eiltling  tyitemt,  If 
e materiel  utch  a*  Kevlar  or  i- glass  it  employed. 

Reference  14  indicatm  that,  In  addition  to  being  potentially  low 
cott,  the  baUUttc  etcape  tyttem  may  be  very  lightweight  at  well.  For 
a helicopter  etcape  tyttem,  t total  weight  penalty  of  only  35  pound*  It 
tuggotted. 

Tbta  reference  alto  Include*  calculation!  of  tytltm  performance 
when  etcrplng  from  e (l«td  wing  elrctiA  at  600  knot*. 


Concumom 

It  It  tuggettsd  th.'l,  undrr  combat  conditions.  roughly  half  of  all 
open  ejection  teat  etcapect  tufftr  flail  Injury  or  death,  and  that  thlt 
thou  Id  be  regarded  at  unacceptable  for  the  future.  Such  Injuriet  may 
be  almott  entirely  avoided  by  properly  detlgned  active  limb  retlrelnl,  or 
by  pattlve  limb  entrapment.  But  poelllve  teat  liability  it  detlrabl*  In 
the  flrtt  cate,  and  Mandatory  when  pauiv*  entrepment  It  utrd. 
“Inplane  tttbllUer"  plttm  ere  on*  way  of  aerudynsmkally  itaSilltlng  a 
Mil  from  the  moment  It  Ictvei  the  itlli.  and  have  been  thoroughly 
proven  In  full  seal.)  wind  tunnel  letting.  Thty  can  ire  rclrofllled  to  moat 
exit  ting  etcape  lytltmi. 

At  a longer  range,  llttiniilvf  tolullon  tu  the  problem.  ■ title  of  the 
art  extraction  tyttem  trey  avoid  etlallng  flail  problem!,  ealend  the  tafe 
etcape  envelope,  be  cheaper  lo  develop  and  buy.  and  Irnpuu  imalkr 
weight  and  volume  penalties.  A candidate  lyalrm  hat  hern  devrlbed  In 
the  paper. 
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Am-NUix  A 

Soertt  HroauovwAMic  Oasenva t i out  on  the  Srowr  or  Divino 


A study  and  understanding  of  the  wind  blast  and  limb  flailing 
Injury  problem  mutt  necessarily  be  approached  Indirectly,  using 
artlhropomctik  analogs  of  the  human  body,  theorelkal  cakuletiom. 
and  any  other  sources  of  data  ahkh  may  be  avallabk.  An  Interesting 
example  of  the  latter  Is  to  be  found  in  the  sport  of  diving,  where 
athletw  repeatedly  subject  themwivet  to  dynamic  pressure*  hitherto 
regarded  u lethal  in  etcape  system  technology. 

Perhaps  the  best  known  venue  for  such  high  diving  Is  at  La 
Quebrada  near  Acapulco  where  contestants  dive  from  a cliff  100  feet 
above  tea  level.  Target  diving  Is  also  growing  In  popularity,  however, 
and  it  it  fairly  normal  for  contestants  to  dive  from  an  BO  ft.  tower,  (he 
object  being  to  execute  maneuvers  In  mld-alr  and  then  to  Impact  In  the 
center  of  a "target"  roughly  6 ft.  by  6 ft.  square. 

In  diving  from  100  ft.,  the  diver  impacts  the  surface  of  the  water  al 


about  HO  ft.  a second,  which  corresponds  lo  an  initial  dynamk  pressure 
of  about  6.440  lbs.  per  square  tool.  Because  (he  "added  mass"  or 
"vlr.ual  mass"  associated  wish  longitudinal  motion  through  tha  water  Is 
only  shout  live  percem  of  the  diver's  mass,  we  may  neglect  II  In 
calculellng  his  morion  when  fully  Immersed,  together  with  gravity 
(orcct,  which  are  cancelled  oul  by  bouyancy  terms.  The  equation  of 
motion  after  lull  Immersion  Is  then  very  simple,  namely 

du/dl  -CoS'/ipj^u'/m  -Kwu‘ 

where 

Kw  w CDSgw/2ni 
l0S  * "drag  area"  of  the  diver 
pw  -*  muss  density  of  water 
m --■  mass  ol  the  diver 
u =«  velocity 
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Upon  Integration  between  the  Initial  entry  velocity  u,  end  u.  *t 
obtain 

u'u,  » |/(l  + Kwu.f) 

A tccond  Integration  glvet  the  distance  travelled  in  time  l at 
y ■ 1 1 / K w > I ug  0 + Ku,t)  x ( I / K w)  log  u/u 

The  Initial  Impact  and  penetration  in'  the  water  may  be  treated  at 
folio**.  Let  m'  be  the  virtual  water  matt  auoclated  with  a crou-tccdon 
of  the  diver,  and  u hi*  velocity.  1 hen 

Impact  force  ■*  F - diniuldi 
Impact  impulse  ■ 1 «/fdt  » /dtm'u)  - rn'.u, 

where  m',  It  the  virtual  matt  corrctpondlng  to  hit  grealctl  crmt-tecliun 
patting  through  the  water  plane,  and  n,  the  corrctpondlng  velocity. 

Hut 

du  dt  > f/m 
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EXPERIMENTAL  EVALUATION  OF  LIMB  FLAIL  INITIATION  AND  EJECTION  SEAT  STABILITY 

Fred  N.  Hawker 
Anthony  J.  Euler 
Payne,  Inc. 

1910  Foreat  Drive 
Annapolis,  Maryland  21401 

INTRODUCTION 

For  flail  Injury  to  occur  It  1*  noecssary  for  the  limb  to  acquire  a considerable  angular  velocity 
relative  to  tho  body  in  order  that  there  may  be  sufficient  relative  kinetic  energy  to  cause  tho  damage. 
This  energy,  it  is  supposed.  Is  accumulated  over  the  length  of  stroke  from  tho  initial  lodgement  to  the 
position  of  arrost.  Static  forces  are  generally  not  sufficient  to  dlslocato  tho  shoulder  or  hip  joint 
or  to  causo  bone  fractures.  The  question  arises  as  to  what  causes  the  initial  dlslodgement.  Is  it 
inertial  force  due  to  seat  motion  or  aerodynamic  force  due  to  pressure  on  the  limb?  Are  these  force; 
of  Irresistibly  large  magm.udo  or  is  tho  occupant  caught  unawares  and  compelled  to  let  go  at  force  levels 
which  he  normally  could  resist?  This  uncertainty  led  the  Aerospnco  Medical  Research  Laboratory  at  Wright- 
Patterson  Air  Forcu  Baso,  through  tho  Office  of  Biodynamics  and  Bionics,  under  James  W.  Brinkley,  to 
initiate  a full-scale  wind  tunnel  study  to  moasuro  the  limb  loads  on  volunteer  subjects  in  different 
ejection  seats.  Tho  static  stability  of  tho  ojection  seat  is  also  an  integral  part  of  the  flail  problem. 
It  was  therefore  docided  to  moasuro  the  forces  and  moments  of  the  candidate  seats,  as  part  of  tho  same 
program. 


DESCRIPTION  OF  EXPERIMENT 

The  wind  tunnel  Investigation  hud  two  primary  goals:  (1}  tho  measurement  of  limb  dlslodgement 

i'orcos  in  free  flight  simulation  of  an  ejoction  and  (2)  the  determination  of  static  stability  of  the 
scuts/occupunt  combination,  ho  also  wanted  to  compare  the  forces  and  moments  measured  with  anthropometric 
dumoiios  and  live  subjects  in  identical  ejection  seats. 

An  Advunced  Concept  Ejection  Seat  (ACES- II)  and  the  F-10S  ejection  suut  were  used  during  these  tests 
(l  lgurus  1 and  2),  A detuiled  comparison  of  t.huse  two  seats  ia  included  in  Reference  1,  but  for  the 
purposes  of  this  paper  the  ACES- 11  will  usually  be  referred  to. 

All  of  the  limb  force  measurements  were  undo  by  strain  gauged  beams  that  were  crllbrated  to  measuro 
u particular  force.  The  ejection  Initiation  handles  recorded  the  force  on  the  hands  (arms)  out  from  the 
body  and  buck  toward  the  seat  structure  (Figure  3).  The  knees  wore  supported  by  brackets  (Figure  4) 
and  measured  the  .operation  (knee  out)  force.  The  feet,  which  normally  are  not  attached  to  any  part  of 
thu  suut,  wore  fixed  to  "stirrups"  that  measured  tho  foot  out  and  back  force  components  (Figure  5). 

Finally,  tho  huluet  was  rigidly  mounted  to  tho  soat  structure  and  instrumented  in  such  a way  that  lift, 
drag  und  side  forcu,  pitching  and  yawing  momont  could  be  measured  (Figure  6).  The  pressures  both  Inside 
and  outside  the  helmet  were  measured  with  static  pressure  taps  (Figure  7). 

EXPERIMENTAL  PROCEDURE 

The  standard  test  run  wus  at  a sot  pitch  and  yaw  angle.  The  dynamic  pressure  was  varied  and  balance 
und  limb  force  measurements  taken  at  20,  30  and  40  lb/ft'.  The  limb  force  measurements  were  recorded 
digitally  und  plots  of  force  area  coefficients 

c a • F F - Force  in  Founds 

1 uj  p - Air  Density  In  Slugs  per  Foot3 

2 0 U - Free  Stream  Velocity  at  ft/sec 

versus  dynamic  pressure  were  recordod.  The  suut/mun  combination  forces  and  moments  (le.  lift,  drag,  side 
force,  pitching  moment,  yawing  momont  and  rolling  moment)  were  taken  with  respect  to  wind  and  body  axes 
after  ‘ho  utand  tares  were  subtracted.  All  the  figures  in  this  paper  aro  referred  to  body  axes.  The 
reference  center  of  gravity  for  the  scuts  tested  is  shown  in  Figure  10  and  the  positive  directions  for 
the  iimb  force  measurements  are  shown  in  the  schematic  of  Figure  11. 

Those  tests  were  conducted  In  the  subsonic  wind  tunnel  facility  at  the  University  of  Maryland  (Glean  E. 
Martin  Institute  of  Technology)  under  Its  Director,  Donald  S.  Gross,  The  tests  of  the  F-10S  seat 

were  in  April  1973  and  tho  ACES- I I in  the  following  September.  The  cooperation  of  the  tunnel  staff  was 

greatly  appreciated  during  these  experiments. 

RESULTS  AND  DISCUSSION 


Limb  Dls lodgement  Forces 

The  force  at  the  knees  shows  s systematic  variation  with  yaw  angle  (Figure  12).  At  the  nominal  ejection 
onglo  (0*  pitch,  0*  yaw)  the  knee  outward  force  area  equals  about  0.2  ft3.  This  corresponds  to  an  outward 
force  on  the  kneos  of  103  pounds  at  a speed  of  400  knots.  As  tho  soat  Is  yawed,  the  windward  knee  (right 
knoo  if  you  are  yawing  to  the  left)  shows  a tendency  to  be  forced  inward  or  toward  the  left  knee.  The 
looward  knee  (left  knee  if  you  are  yawing  to  the  left)  continues  to  be  forced  outward  from  the  nominal 
position.  The  effect  of  pitch  was  minimal  at  these  low  pitch  angles.  Finally,  at  a yaw  angle  of  -30*  the 
left  knee  experiences  an  outward  force  area  of  0.6  ft2;  this  is  approximately  325  pounds  at  400  knots. 

The  force  outward  at  the  feet  shows  a similar  variation  (Figure  13).  At  the  nominal  ejection  angle  the 
foot  out  force  area  is  approximately  0.1  ft2.  As  the  seat  Is  yawed  to  the  left  the  windward  (right) 
foot  is  forced  inward  (toward)  the  left  and  the  leeward  (left)  foot  Is  forced  outward  with  a force  area 
equal  to  0.4  ft2  at  h yaw  angle  of  -30s.  This  corresponds  to  a foot  force  (outward)  of  216  pounds  at 
400  knots.  The  effect  of  pitch  Is  also  minimal  on  the  feet.  The  backward  force  area  on  the  feet  Is 


figure  Helmet  fitted  with  "Wings"  to  Reduce  Lift  forces. 
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Figure  12.  Variation  of  Knee  Out  Force  Area  with 

Yaw  Angle  for  the  Average  of  the  YAW  ANGLE  IN  DEGREES 

Volunteer  Subjects. 

Figure  13.  Variation  of  the  Foot  Back  and  Foot 

Out  Force  Areas  for  the  Average  of  the 
Volunteer  Subjects. 

fairly  constant  with  yaw  angle  up  to  -30"  with  a value  of  0.3  ft2.  This  equals  a force  of  162  pounds  at 
400  knots. 

The  arm  outward  force  area  as  a function  of  yaw  angle  is  also  similar  to  the  knee  and  foot  out 
forces  (Figure  14).  The  arm  outward  force  area  at  the  nominal  ejection  angle  is  approximately  0.15  ft2 
which  would  be  a force  of  81  pounds  at  400  knots.  The  maximum  arm  out  force  area  equals  0.3  ft2  3nd 
occurs  at  a yaw  angle  of  -30°.  This  means  that  a pilot,  if  ejected  at  400  knots,  would  experience  a 
force  in  excess  of  ISO  pounds  if  his  seat  yawed  to  -30°. 

The  arm  back  force  area  as  shown  in  Figure  14  has  an  average  value  of  about  0.35  ft2  at  the  nominal 
ejection  angle.  This  corresponds  to  a backward  force  on  the  arm  of  189  pounds  at  400  knots.  As  the  seat 
yaws  the  arm  back  force  area  fails  to  about  0.2  ft2  for  toth  the  right  and  left  arms. 


Seat  Stability 


The  basic  requirement  for  static  stability 
is  summarized  in  the  graph  below.  A negative 
slope  of  moment  vs.  angle  is  the  criteria  for 
static  stability.  About  the  trim  point  any  small 
positive  increase  ...  e-.gle  will  produce 
a negative  or  restoring  moment  back  to  trim  and 
vice  versa.  It  is  also  important  that  the  trim 
point  is  near  the  angle  that  the  seat  enters  the 
free-stream  after  ejection. 

^ i Trim  Point 
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stable 


If  the  trim  point  of  the  seat  is  much 
different  from  the  initial  angle  of  the  scat  at 
ejection,  then  the  restoring  moments  may  be  such 
that  the  seat  is  driven  past  the  trim  point  and 
spinning  may  occur.  Of  course,  in  this 
simplified  explanation  we  arc  assuming  no  passive 
or  active  devices  to  correct  for  trim  point  and 
initial  angle  offset. 

Static  Forces  and  Moments  of  the  Hull-Scale 
ACES- 1 1 Seat  Plus  Occupant 

The  vulunteers  for  this  experiment  were 
military  personnel  from  Wright-Patterson  Air 
Porce  Base  in  Ohio.  Force  areas  (CQS  » U/q) 
and  moment  volumes  (CmV  ■ M/q)  were 
used  to  present  the  data  since  we  are  dealing 
with  a full-scale  seat  and  since  a characteris- 
tic area  is  hard  to  describe  on  such  an  irregular 
body.  The  lift  and  drag  areas  arc  shown  in 
Figure  IS.  The  effect  of  pitch  angle  on  the  lift 
area  shows  that  zero  lift  occurs  at  an  angle  of 
attack  of  about  10'*.  At  the  nominal  ejection 
angle  the  lift  area  is  -1.0  ft2.  The  drag  area 
is  approximately  6.S  ft2  at  the  nominal  ejection 
angle.  The  drag  area  remains  about  constant  at 
-15°  pitch  but  decreases  to  about  6.0  ft2  at 
IS"  pitch. 
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Figure  14.  Variation  of  Arm  Back  and  Arm  Out  Force 
Areas  for  the  Average  of  the  Volunteer 
Subjects. 


The  pitching  moment  volume  versus  pitch  Subjects, 

angle  shows  a large  negative  value  at  the 
nominal  ejection  angle.  This  implies  that  the 

scat  will  tend  to  rotate  as  soon  as  it  is  inserted  in  the  free  stroam.  This  plot  also  indicates  that  the 
scat  does  not  trim  near  the  nominal  angle  of  ejection.  The  yawing  moment  versus  yaw  angle  plot  shows  a 
strong  unstable  tendency.  The  scat  has  zero  yawing  moment  near  zero  but  any  perturbation  will  set  the 
seat  spinning  in  the  yaw  mode.  There  is  very  little  variation  in  yawing  moment  vo’umc  with  pitch  angle. 

The  ACES- l I seat  shows  a tendency  to  produce  a positive  rolling  moment  with  negative  yawing  angle 
(Figure  17).  The  side  force  also  shows  a predictable  increase  with  yaw  angle. 


It  shouid  be  noted  that  since  the  ACES-II  seat  is  actively  stabilized  by  vernier  rockets,  most  of  the 
bilities  noted  here  are  not  germane  to  its  performance. 


instabil 


Comparison  of  Anthropometric  Dummies  and  Volunteer  Sub'ects 


It  was  decided  to  evaluate  and  compare  the  static  forces  and  moments  of  two  anthropometric  dummies 
(S  and  95  percentile)  with  the  average  of  the  volunteer  subjects  (Figures  18  and  19).  The  lift  and  drag 
area  plots  show  very  similar  characteristics.  The  pitching  moment  was  the  most  variable  but  the  average 
of  the  volunteer  subjects  fell  well  within  the  5 and  95  percent  data.  The  yawing  moment  versus  yaw- 
angle  showed  good  agreement  between  the  dummies  and  live  subjects.  In  general,  the  gross  aerodynamic 
seat  stability  was  very  similar  between  anthropometric  dummies  and  the  volunteer  subjects. 


O Y aw  ANOU  • 0* 
A YAW  ANOLC  a-15* 
□ YAW  AN  AtC  • -30* 


O YAW  ANOU  ■ 0* 
A YAW  ANOLC  a-IO* 
□ YAW  ANOLC  * *30* 


r°.» 


o 10 

PITCH  ANOLC  M OfUIU 


PITCH  ANOU  M 


PITCH  ANOLC  IN  OCORCCS 

Figure  15.  Variation  of  Lift  and  Drag  Area  with 
Pitch  Angle  for  the  ACES-II  Ejection 
Seat. 
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Figure  16.  Variation  of  Pitching  and  Yawing  Moment 
Voiuae  for  the  ACEC-I1  Ejection  Seat. 
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Figure  17.  Variation  of  Rolling  Moment  Volumo  and  Side  Force  Area  for  the  ACES-II  Ejection  Seat. 
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figure  18.  Comparison  of  Anthropometric  Dummies 
and  Volunteer  Subjocts  for  Lift  and 
Drag  Area. 

Comment  on  Fryer's  Hardier  Work 

The  early  pioneering  experiments  In  the  urea  of  limb  force  measurements  woro  conducted  by  the  lute 
Squadron  Leader  D.I.  Fryer  in  the  early  sixties.  Ilis  work,  which  was  conducted  in  water,  is  compared 
with  our  study  conducted  in  a wind  tunnel  (Figure  20).  The  results  show  an  excellent  correlation  botween 
the  water  tank  and  the  wind  tunnel  limb  force  moasuremonts  of  the  urm  out  force  and  leg  separation  force. 

Helmet  Forces  and  Pressures 

As  mentioned  in  the  description  of  the  test  set-up,  arrangements  were  made  to  measure  forces  und 
pressures  acting  on  the  helmet.  This  is  a separate  subject,  not  necessarily  related  to  tho  incidence  of 
flail  injury,  but  since,  in  USAF  experience,  helmet  loss  is  not  uncommon  following  ejections  it  seemed 
appropriate  to  add  these  measurements  to  the  program.  Also,  in  .Services  which  do  not  utiliie  rotontion 
straps  with  weak  links,  helmet -induced  injury  is  sometimes  suspected  during  autopsies. 

Instead  of  being  attached  to  the  subject's  head  the  helmet  uas  supported  by  a sting  attached  to  the 
headrest.  The  sting  was  strain-gauged  to  measure  the  lift,  side  und  drag  forces  and  the  pitching  and 
yawing  moments  of  the  helmet.  The  F-105  seat  was  used  in  this  series  of  tests. 

Fourteen  (14)  static  pressure  taps  were  fitted  to  the  helmet  to  obtain  evidence  of  tho  pressure 
distribution  on  the  helmet.  Ton  (10)  were  used  to  measure  the  static  pressure  outside  the  helmet  and  four 
(4)  were  used  to  raeasuro  the  static  pressure  inside  the  helmet.  These  aro  shown  in  Figure  7.  The  helmet 
support  bracket  is  scon  in  Figure  0. 
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Figure  20.  Comparison  of  Fryer's  Mater  Tank  Measurement* 

(Reforeneo  3)  and  Payne,  et  al  Wind  Tunnel  txperiment* 
of  Limb  Force  Measurement*  (Reference  i). 

Average  values  of  the  three  holisot  forces  are  plotted  In  Figures  21  to  23  and  the  pitching  and 
yawing  moment  averugos  in  Figures  24  and  25.  The  scatter  of  the  individual  duta  points  is  again  consider- 
able, but  as  for  the  case  of  the  limb  forces,  the  trend  of  the  means  is  reasonable.  The  average  lift  area 
of  0.38  ft2  at  zero  yaw,  aero  pitch,  is  somewhat  higher  than  the  figure  cf  0.28  ft2  reported  in 
Reference  4*.  This  lift  force  is  very  powerful  and  makes  helmot  loss  or  neck  injury  Inevitable  during 
high  speed  escape.  A force  area  of  0.38  ft2  corresponds  to  a lift  of  about  460  lb  at  600  knots  (Figure  26). 

The  lift  force  is  mainly  due  to  auction  on  the  outside  of  the  helmet,  rather  than  ram  pressure  Inside, 
The  data  from  the  static  pressure  tap  measurements  show  that  the  pressure  coefficient  C can  be  a r low  as 
-1.0  on  the  outside  but  rarely  exceeds  0.2  inside.  p 

The  definition  of  is: 

V ' P- 

P I 


Accurecy  of 


helmet  force  measurement  was  known  to  be  poor. 


SKAT  PfTCH  ANSLE  IN  DCORCU 

Figure  21.  Average  Helmet  Lift  aa  a Function  of  Seat  Fitch  Anglo  (liolmot  Axe»). 
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SKAT  YAW  ANSLE  IN  DE9REE3 

Average  Helmet  Side  Force,  lor  All  Fitch  Angles  us  a Function  ut  Seat  Yaw  Angle  (.Helmet  Axes) 


O 0*  PfTCH  AN8LE 
□ -IB*  PITCH  ANQLE 
& IB*  PITCH  A HOLE 


SEAT  YAW  AMOU  IN  OCONEES 


Figure  23.  Ileluct  Drug  Areu,  us  u Function  of  Fitch  uml  Yuw  Angle  (Helmut  Axes). 


INDICATED  AIRSPEED  IN  KNOTS 

figure  J6.  Helmet  I.ii't  force  as  a function  of  Indicated  Airspeed 

Using  the  Measured  Wind  Tunnel  Lift  Coefficient  o'"  U.3S. 


where 


p is  the  local  stutic  pressure 

pw  and  u()  are  the  undisturbed  pressure  and  velocity 
p is  the  undisturbed  air  density 
from  Bernoulli,  it  follows  that,  for  incompressible  flow 


Thus  C * -1.0  implies  — • <Ti.  Locally,  the  flow  velocity  over  the  helmet  is  40".  grouter  than  the  free- 
st ream’ flow.  o 

In  an  effort  to  reduce  lift  the  "crested  spoiler"  shown  in  figure  8 was  tried.  As  cun  be  seen,  the 
results  were  disappointing. 

The  winged  helmet  configuration  of  figure  y was  then  evaluated,  for  zero  yaw  and  pitch.  The  wings 
were  very  successful  in  reducing  both  lift  and  pitching  moment,  without  adverse  effect  on  the  other  forces 
We  believe  that  a "second  generation"  winged  helmet,  having  small  swept  back  wings  at  a greater  negutive 
angle  might  achieve  zero  lift  and  not  impede  the  helmet  wearer  significantly.  More  experimental  work 
in  the  tunnel  is  clearly  necessary  before  we  can  recommend  an  optimum  configuration. 


CONCLUSIONS 

The  primary  conclusions  of  our  wind  tunnel  experiments  can  be  summarized  as  follows: 

1.  A soi nd  method  for  measuring  the  1 imb  force  loads  was  demonstrated  in  both 
the  f-lOS  and  ACLS-li  ejection  seats. 

2.  The  loads  on  the  limbs  arc  of  such  magnitude  that  initiation  of  flailing  is 
probable  at  high  ejection  speeds. 

3.  Anthropometric  dummies  compared  well  with  volunteer  subjects  in  the 
measurement  of  gross  aerodynamic  forces  and  moments. 


4. 


There  was  excellent  agreement  between  our  wind  tunnel  investigation  and 
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Fryer's  earlier  water  tank  experiments. 

S.  There  is  a substantial  lift  force  produced  on  the  standard  Air  Force  helmet  which 
is  caused  by  the  suction  on  the  outside  of  the  helmet,  not  the  ram  pressure  inside 
the  helmet. 
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UlSCUSblUN 


In  reply  to  questions  from  Thorne  (ll.K.)  and  Cloister  (U.K.),  Hawker  coniirmcd  that  his 
data  had  been  obtained  under  static  conditions  in  a wind-tunnel  and  did  not  take  into  con- 
sideration possible  turbulence  of  airflow.  He  did  not  think  it  practicable  to  measure  forces 
on  limbs  once  they  had  been  allowed  to  inovu  from  thoir  initial  position,  but  agreed  that  these 
forces  would  probably  incease.  Thus,  tire  forces  actually  measured  wuru  those  which  would 
tend  to  initiate  moveio'in. 


HIGH  SPEED  EJECTIONS  WITH  SAAB  SEATS 


by 

B 0 Andrae,  E Ek,  H Lorin  arid  B Ch  R Stromblad 

Mailing  address:  National  Defenoe  Research  Institute,  Division  5,  Facie , S-104  $0  Stockholm  80, 

Sweden 


Summery 

Tha  Swedish  development  work  on  devices  to  protaot  against  wind-blast  effects  at  high  speed  ejec- 
tions is  surveyed.  Examples  of  past,  present  and  future  solutions  are  given. 

Tha  Sbediah  Air  Force  axperianca  wi  h high  spaed  ejections  is  summarised. 


Introduction 

The  oombat  aircraft  of  the  Swedish  Air  Foroe  are  designed  and  built  by  Svenska  Aeroplan  AB,  SAAB, 

in  Llnkoplng,  Sweden.  There  are  at  present  three  main  types  in  service: 

the  attack  aircraft  37  (Vlggen), 

the  light  attaok  and  trainer  60  (SAAB  ICO  and 

the  fighter  and  reconnaissance  33  (Draken). 

SAAB  combat  airoraft  are  also  in  servloe  with  the  Austrian,  Danish  and  Finnish  Air  Forces. 

The  total  number  of  ejections  from  SAAB  aircraft  in  Sweden  is  for  obvious  reasons  small.  In  the 
d velopment  of  escape  systems  it  is  therefore  nwcessary  to  gain  information  to  a great  extent  from 
flight  testing  with  dummies.  This  approach  was  adopted  alrejuiv  back  in  1S40  when  the  SAAB  company 
started  work  on  ejection  seats.  The  first  test  was  carried  cut  in  January  1942  and  the  first  livs 
ejection  took  place  in  April  1946,  when  a pilot  made  a successful  ejection. 

The  development  of  faster  ar. more  sophisticated  aircraft  haB  forced  the  development  of  escape 
systems  for  whioh  both  operational  limits  and  operational  dependability  have  been  extended. 

The  operational  speed  limit  for  the  escape  system  of  the  60  aircraft  is  800  k*/h  (»  430  kts),for 
the  35  it  is  120  km/h  (“X  650  kte)  and  for  the  37  It  exceeds  1150  km/h  (~  620  ktu).  The  60  air- 
craft is  equipped  with  an  ejection  system  of  the  ballistic  type  while  the  35  and  the  37  have 
rocket. seats. 

There  is  no  aoceptsd  definition  of  what  is  meant  by  high  speed  in  connection  with  ejections.  In 
this  paper  the  interest  will  be  focused  mainly  on  the  prevention  of  wind-blast  effects  of  ejec- 
tions at  speeds  exceeding  1000  km/h  (~  540  kts). 

Deceleration  and  stabilisation 

In  bweden  it  is  considered  highly  desirable  that  the  escape  syetem  should  have  low  level  capa- 
bility even  if  the  aircraft  is  diving.  Consequently,  the  open  seat,  in  which  man  oan  sustain 
higher  deceleration  than  iri  a capsule,  has  been  favoured.  The  deceleration  of  the  man  sitting 
in  the  seat  is  brought  about  by  a seat-chute  whicn  is  actively  deployed  by  a gun-powder  operated 
mechanism.  Man's  best  position  to  stand  deceleration  is  when  the  force  is  applied  in  the  sagittal 
direction.  The  ueat-chute  has  beep  designed  to  counteract  turning  and  tipping  movements  so  that 
the  man  is  facing  the  direction  of  the  movement.  The  stabilization  of  the  seat  is  also  believed 
to  markedly  deorease  flailing  of  limbo  and  head  caused  by  wind-blast. 

With  increasing  speed  there  is  an  increasing  tendency  to  a backward  tilting  movement  of  the  man- 
seat  complex.  This  is  partly  duo  to  r.  momentum  given  the  seat  just  before  it  leaves  the  guide 
rails.  The  lower  part,  still  in  the  rails,  acts  au  a fulcrum  around  which  the  vlnd-expoBed  parts 
tend  to  rotate.  The  backward  tilting  is  also  enhanced  if  the  drag  center  of  man-seat  is  located 
headward  to  the  center  of  gravity.  This  latter  deLcrepancy  can  be  especially  pronounced  in  the  37 
due  to  the  generous  seat  adjustment  ra.ige.  In  order  to  lower  the  center  of  the  drag  force  a metal 
sheet,  similar  in  aotion  to  an  air-brake,  has  been  put  under  the  seat.  In  the  37  the  seat  adjust- 
ment effect  is  also  compensated  by  automatic  adjustments  of  the  direction  of  the  rocket- thrust 
when  the  seat  position  is  changed. 

One  tempting  approach  to  the  problem  of  injuries  caused  by  flailing  limbs  is  to  decelerate  the 
seat  and  torso  of  the  man  so  violently  that  the  arm3  and  lege  BhouJd  not  be  bent  backwards  but 
rather  stretched  forward  from  the  sitting  man's  position.  However,  this  has  not  been  technically 
possible.  It  is  doubtful  if  it  is  physiologically  possibls.  The  idea  was  anyhow  dropped,  sinoe 
the  Injury  to  the  upper  extremities  are  thought  to  be  inflicted  already  before  the  seat  is  dis- 
connected from  the  aircraft,  at  the  very  first  moment  when  the  arms  are  exposed  uo  the  aerodynamic 
forces. 

Flailing  of  limbs  and  head 

Different  parts  of  the  body  have  different  masses  compared  to  their  aerodynamic  properties.  Protru- 
ding parts  like  arms,  legs  and  head  therefore  have,  at  any  speed,  a tendency  to  flail  at  ejections. 
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Th«  logs,  if  not  restrained,  ore  generally  Injured  at  speeds  In  sxosss  of  600  km/h  (~  325  kts).  In 
order  to  prevent  the  legs  from  flailing  the  35  and  the  3?  seats  have  been  equipped  with  '.eg  re- 
straints. The  straps  are  connected  lo  eyes  on  the  pilots'  boots  by  snap-hooks  at  about  half  the 
height  of  t.ie  lower  leg.  The  other  end  of  the  strap  is  connected  to  the  ooolcpit  floor  via  a fric- 
tion look  in  the  seat  pan.  When  the  seat  is  moving  at  ejection  the  lower  legs  are  retracted  and 
kept  oloee  to  supports.  The  cockpit  floor  attachment  is  disrupted. 

This  one-point  restraint  of  the  leg  is  truly  effective,  but  oannot  at  higher  speeds  prevent  rota- 
tion of  the  lower  leg  in  the  frontal  or  horlsontal  plane.  In  order  to  improve  the  fixation  in  the 

frontal  piano  the  leg  supports  in  the  37  seat  have  a V-groove  shape. 

At  high  speed  ejections  injuries  are  initiated  by  rotations  of  the  lover  leg  in  the  horizontal 
plane.  The  harmful  cbduotion  of  thu  hipjoint  is  facilitated  by  this  outward  rotation  of  the  foot. 
Prevention  of  this  rotation  is  essential.  Thus,  for  Iho  35  seat  a special  device  has  been  develop- 
ed ard  will  soon  be  introduced  into  servloe.  The  devise  resembles  a pair  of  tennis  raokets  looated 
on  each  side  of  the  seat  pan.  The  frame  of  the  racket  rests  on  the  floor  of  the  cockpit  and  the 
handle  is  attached  by  a spring-load  mechanism  to  Mie  seat  pan  in  such  a manner  that  the  raoket 
will  be  pressed  downward  at  ejection.  The  surface  of  the  racket  will  then  be  positioned  lateral 
to  the  feet  and  prevent  outward  rotation.  A modified  type  of  this  lat'  al  leg  support  will  probab- 
ly also  be  introduced  in  the  37  seat.  The  spa's  of  the  cockpit  prevents  the  use  of  the  same  type. 

At  speeds  in  excess  of  830  km/h  («y  450  kts)  it  is  in  general  not  possible  to  retain  a grip  with 
the  hand  as  e.g.  on  the  firing  handle.  The  Swedish  rocket  seats  are  initiated  by  (one  or)  both 
handles  on  each  tide  of  the  seat  pan.  There  are  at  present  no  arm  restraints  in  any  of  the  SAAB 

escape  systems.  However,  much  work  has  been  and  is  presently  devoted  to  such  projects. 

An  early  approach  to  the  problem  was  the  construction  of  a "jumping  Jack"  device.  In  its  first 
model  only  the  arms  were  engaged.  Cords  attached  to  a reinforced  part  of  the  forearm  sleeve  were 
guided  over  the  suit  in  canals,  along  the  upper  arm  and  over  the  chest  to  the  central  strap-look. 
The  canals  could  easily  he  split  open  by  the  cords  when  these  were  tightned.  At  the  central  look 

the  cords  were  wound  on  drume.  These  drums  were  in  their  turn  connected  with  drums  on  which  a 

second  set  of  cords  were  wound,  the  other  und  of  these  cords  were  attached  to  the  cabin  floor  so 
that  the  device  was  activated  early  in  the  ejeotion  sequence.  This  device  was  not  introduced  into 
service,  but  lead  to  a further  development  in  which  legs  and  head  were  also  included.  The  oords 
were  guided  In  canals  but  in  addition  there  were  loop-holes  fastened  to  the  suit  through  which 
the  oords  were  drawn  and  thus  the  traction  direction  was  determined.  The  final  common  path  for 
the  limbs  and  head  cords  was  a cord  on  the  back  of  the  man  vhioh  vu  attached  to  the  cookpit  floor. 
The  device  has  not  been  introduced  into  service. 

At  the  moment  a different  solution  is  under  development.  This  device  consists  of  two  nets,  one  on 
each  side,  which  are  normally  parked  on  the  wstlj  of  the  cookpit.  The  cords  from  the  seat  running 
to  the  net  are  also  parked  so  as  not  to  interfere  with  the  pilot  during  normal  operation.  On  ejec- 
tion the  etrings  will  oull  the  net  In  such  a way  that  the  arms  are  caught  and  secured  to  the  late- 
ral side  of  the  body  until  separation. 

In  this  connection  it  1s  appropriate  to  mention  that  in  aircrafts  with  tandem  position  of  the  crew 
ami  with  rocket  seats  ic  is  necessary  to  get  the  arms  of  the  man  in  the  rear  seat  in  proper  posi- 
tion for  ejection  also  In  cases  when  the  ejection  is  initiated  from  the  front  seat.  Airbags  on  ths 
walls  of  the  cockpit  are  used  to  provide  a funnel  through  whioh  the  man  is  ojected  and  by  way  of 
which  the  arms  are  brought  into  position. 

At  present  there  is  no  head  restraint  system  in  service.  The  acceleration  forces  from  the  gun  and 
the  rockets  will  bend  the  head  forward)  ths  chin  may  actually  hit  the  sternum.  Later,  when  the 
head  is  caught  by  the  wind,  It  is  thrown  backwards)  ths  higher  the  speed  the  harder  the  head  hits 
the  neckreat.  The  very  thick  neckrest  is  filled  with  shockabaorbent  material  to  prevent  impeot  in- 
juries to  the  head.  In  the  37  the  neokrest  has,  compared  to  the  35  neckreet,  been  widened  and  made 
slightly  concave  in  order  to  better  catoh  the  head  and  counteract  rotatory  movements  of  the  head. 
for  head  impact  speeds  of  106  m/sec  (35  ft/sec)  tl.e  deceleration  should  not  exceed  120  g.  A head 
restraint  device  should  obviously  be  of  value  in  easing  the  head  impact.  Apart  from  the  attempts 
described  ubove  in  connection  with  the  "jumping  Jack"  project  some  work  has  been  devoted  to  con- 
struction of  an  inflatable  collar,  vhic.n  should  help  to  protect  the  head  and  neck  from  flailing 
injuries. 

Pilot  equipment 

In  the  Swedish  Air  Forca  a combination  of  a pressure  breathing  oxygen  mask  and  a custom  fitted 
helmet  with  a neckbladder  is  standard  equipment,  (cf  Lereson  and  Stromblad  1967).  The  helmet 
t. as  no  chin  protection  and  the  visor  runs  outside  ths  hslmet.  It  is  our  experience  that  the  visor 
ie  destroyed  at  high  epeed  ejections.  Ths  helmet  and  oxygen  mask  have  been  retained  in  most  of  the 
cacti;.  Further  development  work  on  the  helmet-visor-mask  ie  obviously  needed.  The  Immersion  suit 
hes  so  far  generally  withstood  the  etrain  of  high  speed  ejections. 

Swedish  Air  Force  ejections 

Through  the  years  1967  to  1974  there  have  been  74  ejections  in  the  Swedish  Air  Force.  In  one  of 
these  oases  the  speed  at  ejeotion  is  unknown.  Neither  man  nor  the  aircraft  has  been  recovered. 

In  8 cf  the  74  cases  ths  speed  wae  1000  km/h  (<w  540  kts)  or  higher.  At  the  beginning  of  the  period 
(1967  and  19^8)  two  ejeotions  with  ballletlo  seats  were  made  at  1150  ka/h  (>v  630  kts))  both 
attempts  were  unsuccessful.  With  rooket  seats  fivs  out  of  six  oases  have  survived,  two  cases  at 
1000  km/h  (w  540  kts),  one  case  at  1123  km/h  (^  610  kte)  and  two  cases  at  1200  km/h  (~  645  kts). 
Only  in  one  case  ths  outcome  was  fatal.  This  was  an  ejection  during  steep  dive  at  1200  km/h 
(<v  645  kts). 
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Out  of  th.  fiv.  .who  aurviv.d,  on.  pilot  (.j.otion  at  1200  ka/h,  ~ 645  kt*)  au.tain.d  only  minor 
injuria.,  oontu.ion  of  a kna.  and  facial  p.t.chia.,  vhil.  th.  oth.r  four  had  major  injuria*. 

Among  th.  major  injuri..  .noount.r.d  ar.  fraotur.a  of  l.g*  and  ar.*,  tearing  of  big  Joint*  and 
ooncu**ion.  Pour  of  th.  five  aurviving  pilot*  hav.  r.aumad  flying  duti.*.  Th.  fifth  ha*  not 
y.t  bean  abl.  to  do  so,  his  .j.otion  took  plao.  a*  lat.  a*  middl.  of  Ootob.r  1974. 

Th.  injuri.*  to  th.  pilots  .noount.r.d  in  th.*.  out*  hav.  initiated  and  guld.d  th.  dav.lopm.nt 
work  h.r.  summarit.d.  Bow.v.r,  th.  number  of  high  *p«.d  .J.otion.  l.too  .mail  to  all  w a thorough 
analyais  of  th.  .ff.ot  of  th.  various  st.ps  in  th.  dav.lopm.nt  work.  In  fact,  many  of  th.  modifica- 
tion* d.sorib.d,  .van  if  th.y  ar.  in  a.rvica,  hav.  not  y.t  ba.n  put  to  th.  t.at  in  r.al  *ituation*. 


Raf.r.ncfH 

Larsson,  h-E  and  StrOcblad,  3 Ch  Ri  C.v.lopmant  of  a flying  suit  ay.t.a  for  th.  d3AP,  PttRSVARS- 
KEDICIN,  1967,  i,  17-26. 


CONCLUDING  REMARKS 


by  D.H.  Glaister 

I would  like  to  say  a few  words  in  an  attempt  to  summarise  the.  day's  programme;  but  first 
of  all  l would  like  to  convey  a nx-ssage  from  Dr.  Walton  Jones,  the  chairman  of  the  Biodynaraics 
Committee  of  ASM?.  He  regrets  very  much  that  he  has  not  been  able  to  be  present  today,  but 
has  been  detained  by  NASA  business  in  Washington. 

This  morning,  1 think  that  one  of  the  things  that  struck  me,  and  has  perhaps  struck  nx? 
throughout  the  day,  has  been  the  remarkable  agreement  between  the  Nations,  not  only  those  of 
NATO,  but  also  Sweden,  on  the  mechanisms  of  windblast  injury  and  on  its  frequency  of  occurrence 
in  relation  to  windspeed  (papers  Bl,  B2,  BA,  B6  and  Bll).  There  was  one  exception,  our  host 
country  Canada  which  appears  to  suffer  fewer  injuries,  but  the  numbers  of  ejections  were  less 
than  sock;  of  the  other  scries  so  perhaps  the  signal  had  been  lost  in  the  noise. 


We  saw  this  rooming 
aircraft,  particularly  in 
If  one  excludes  ejections 
injuries  are  now  largely 
Injury  rates  of  403!  or  ns. 
were  told  that  at  600  kt 
injuries  are  caused  by  li 
examples  of  failures  in  a 
and  again  these  seemed  to 


that  ejections  are  occurring  at  increasing  speeds  with  more  modem 
the  combat  situation,  and  that  injury  rates,  likewise,  are  increasing, 
made  outside  the  design  envelope  of  the  ejection  system,  major 
due  to  windblast,  especially  at  the  higher  end  of  the  speed  scale, 
re  were  Seen  in  the  combat  prisoner  of  war  cases  (paper  B9)  ar.d  we 
the  expectation  of  windblast  injury  approached  100  percent.  These 
rrb  displacement  rather  than  wind  pressure  per  se . We  saw  several 
irerew  equipment  assemblies  - helmets  being  lost,  masks  being  lost  - 
occur  with  equipment  from  all  the  countries  represented. 


Well,  by  lunch  time  I think  we  were  getting  pretty  depressed  - tht  .ituation  seemed  poor. 

It  wasn't  improved  when  we  came  back  to  some  very  nice  X-ray  pictures  showing  details  of  very 
painful  looking  injuries  produced  by  windblast  on  limbs  f"eo  to  move  (B6). 

Fortunately,  as  the  afternoon  progressed,  things  started  to  get  brighter.  We  saw  a number 
of  examples  of  detailed  improvements  which  have  been  carried  out,  and  are  being  worked  upon,  in 
order  to  improve  existing  systems.  Small  tilings  like  wings  attached  to  helmets  to  reduce  lift- 
ing mu  nett  ts  (paper  B10),  net  limb  restraints  (B9),  cords  giving  limb  retraction  and  restraint 
(BB),  'tennis  raquets'  doing  the  same  tiling  (Bll),  head  protection  by  a fabric  hood  (B7)  and  so 
on.  And  then  we  saw  some  more  advanced  concepts  - aerodynamic  techniques  for  seat  stabilisation 
which  in  the  last  test  shot  shown  of  the  Saab  seat  (Bll)  looked  very  encouraging  indeed.  We  saw 
that  the  ejection  seat  may  not  be  necessary,  except  perhaps  for  sitting  in,  and  may  not  be  the 
ideal  ejection  plot f o rm  ( B9 ) . 

So,  looking  ahead,  we  see  the  possibility  of  a 790  - 800  kt  ejection  without  a seat,  stabi- 
lised apparently  by  shuttlecock  feathers  and  with  the  limbs  restrained  by  fish  netting  - it's  a 
nice  prospect!  On  that  note  I would  like  to  close  the  session  by  thanking  all  the  speakers  for 
their  excellent  papers,  and  the  audience  for  its  attention.  Thankyou. 
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